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ABSTRACT

This descriptive study investigated the perceived problem of human
fatigue as an operational consideration within the U. S. air carrier industry and
the status of fatigue as content within U.S. aviation education/training curricula.
An instrument was developed and expert-validated for self-completion by the
following three groups (each with its sample size): (a) aviation higher education,
represented by a mailing to 50 individuals; (b) air carrier training/management,
represented by a mailing to 50 individuals; and (c) a professional training group
of 58 general aviation flight instructors, with administration by the researcher
during scheduled company meetings.
The resultant SPSS data set consisted of 116 cases. Eight demographic
variables were reported and analyzed with the analysis of variance; and the
definition of fatigue, a multiple choice item, was tested for the chi-square
goodness-of-fit distribution. The remaining 21 variables were subjected to a
factor analysis, utilizing principal-axis factoring for extraction; orthogonal rotation,
which forced the derived factors to be uncorrelated; and varimax, a variance
maximizing procedure. The resultant 8 factors removed the duplication from the
21 correlated variables and, when scored, became variables within the SPSS
data set. The normalized factor scores were subjected to analysis of variance

and post hoc comparison for any significance of difference between the three
groups; minor group differences were found for three of the eight factors.
The data supported the literature review with respect to human fatigue
being perceived as an operational consideration on the flightdecks of U.S. air
carriers. The data and the literature also indicated that fatigue is present as
content within U.S. aviation curricula. However, the answers to both research
questions involved a matter of degree.
Additionally, the data indicated that not all students within U.S. aviation
have exposure to fatigue content within their curricula. Teaching the concepts
and management of fatigue to some of these students may be as important as
(more important than) fatigue as curricular content for the flight crews. Future
research in the development of a curriculum paradigm for human fatigue in U.S.
aviation might utilize the eight factors derived as constructs by the factor analysis
utilized in this study.
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CHAPTER I
__ - INTRODUCTION

Human fatigue has been an ill-defined phenomenon for more than 100
years. A late 19th century definitive explanation of "general" fatigue by Vivian
Poore (1875), a London physician, was: "There is a disability for performing
either mental or physical work ... first in work requiring attention or sustained
effort ... symptoms of general fatigue are referable to the brain and nervous
system" (p. 163). MacDougall, in 1899, made the distinction between subjective
and objective fatigue; and stated that there were measurement difficulties. In
20th century England, the formation of an Industrial Fatigue Board resulted in a
report (Muscio, 1921) that strongly objected to further scientific discussion of
fatigue and recommended the abandonment of attempts for a fatigue test.
A fatigue laboratory existed at Harvard University until World War II,
where, according to its director (Forbes, 1943), U.S. researchers were also
thwarted by the problems of measurement. In the classic 1951 report (edited by
Paul Fitts) concerning air navigation systems, human fatigue was indicated as an
important dynamic issue for the future (along with selection, morale, motivation,
and monotony); however, none of these human factors were considered in the
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final report that was to guide interdisciplinary research in air traffic control. At a
1979 Oxford meeting of the Ergonomics Society, Donald Broadbent provided the
answer as to whether a fatigue test was now possible-- "Not yet!" (p. 1288).
More recently, Chen (1986) reported with a large-scale survey that a
significant proportion of society exhibits the occasional symptoms of physical
and/or mental fatigue. Throughout the first 100 years of fatigue research, little
distinction had been made between muscle fatigue and that involving cognition.
The last 20-plus years have been a different setting for the 24-hour society built
upon technological and economic imperatives. Despite the illusory tests for
human fatigue and the general lack of a clear definition of fatigue, concepts of
mental fatigue have generally evolved to include the following: (a) increasing
difficulty in the performance of routine work, (b) a state of being easily distracted,
(c) inattention and an absence of alertness, (d) forgetfulness of names and
figures, (e) other general memory effects, and (f) failures in judgment.
During the 1970s, study of circadian (derived from the Latin circa [about]
and dies [day]) rhythms and sleep research began to mature in combination with
a shift in human learning theory from the behavioral to the cognitive (Aschoff,
1969; Bandura, 1974; Hoddes, Zarcone, Smythe, Phillips, & Dement, 1973;
Weiner, 1974 ). Additionally, the National Aeronautics and Space Administration
(NASA), at its Ames research facility, began to investigate air carrier pilot
vigilance, workload, and response to stress-- the human's "psychophysiological"
factors (Ruffell Smith, 1979).
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Within early U.S. aviation activities, the 1927 piloting experience of the
first nonstop, solo trans-Atlantic flight included the following:
If I could throw myself down on a bed, I'd be asleep in an instant. In fact,
if I didn't know the result, I'd fall asleep just as I am, sitting up in the
cockpit--l'm beyond the stage where I need a bed, or even to lie down .
My eyes feel dry and hard as stones. The lids pull down with pounds of
weight against their -moscles. Keeping them open is like holding arms
outstretched without support. After a minute or two of effort, I have to let
them close. Then, I press them tightly together, forcing my mind to think
about what I'm doing so I won't forget to open them again; trying not to
move stick or rudder, so the plane will still be flying level and on course
when I lift them heavily. (Lindbergh, 1953, p. 233)
Approximately 70 years later (November 1995), a multimodal symposium
cosponsored by the National Transportation Safety Board (NTSB) and the NASA
Ames Research Center addressed the problems of human fatigue within U.S.
transportation. After 2 days of presentations and meetings attended by more
than 500 individuals, a noteworthy outcome was that education and training
concerning human fatigue is a current need and should be a future direction
(NTSB, 1996). Although aviation is but one mode of transportation, it (a) is the
primary mass passenger system within the U.S., (b) provided the most fatigue
symposium attendees, (c) serves as a definitive specialized setting for
applications involving human factors, and (d) has been the setting for numerous
NASA Ames scientific studies.
In combination with the findings of NASA Ames, the NTSB has issued
numerous fatigue related safety recommendations in every transportation mode
as a result of accidents and incidents in which the effects of fatigue, circadian
factors, and sleep loss have been found to be causal or contributory. (A 1993
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report submitted to Congress [Wake Up America] states that "when used by the
NTSB, fatigue and sleepiness are synonymous concepts" [p. 16].) The NASA
Ames Fatigue Countermeasures Program continues to develop an education
and training module (ETM; entitled "Alertness Management in Flight Operations,"
Rosekind, Gander, & Connell, in press) as a research outcome, designed to:
1. Explain the current state of knowledge about the physiological
mechanisms underlying fatigue.
2. Demonstrate how this knowledge can be applied to improving operator
sleep, performance, and alertness.
3. Offer countermeasure recommendations for all modes of transportation.
In support of the ongoing activities within the field of aviation and its human
fatigue factor, a field study was undertaken during the Spring of 1996.

The Field Study
The Spring 1996 field study utilized a framework from the Tyler Rationale
(Tyler, 1949) to investigate human fatigue and the education/training thereof
within aviation. The first three of Tyler's four basic questions, or constructs, (the
educational purposes to be attained, the educational experiences to be provided,
and effective organization of these experiences) were related to the development
of an instrument in conjunction with a sampling of the literature.
The instrument was designed with 21 items on the inside two pages of a
four page, single-fold 8 1/2 x 17 inches pastel blue sheet of paper (see Appendix
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A). The first page was an individually addressed cover letter, and the fourth
(back) page was the "Space for Comments."
The first item was a choice of definitions of fatigue selected from the
literature, the purpose of which was to create a familiarity or comfort level for
each participant. The first was medical in nature:
Fatigue. 1. That state, following a period of mental or bodily activity,
characterized by a feeling of weariness, sleepiness, or irritability; may also
supervene when, from any cause, energy expenditure outstrips restorative
processes and may be confined to a single organ. 2. Sensation of
boredom and lassitude due to absence of stimulation, monotony, or lack
of interest in one's surroundings (Stedman's, 1990, p. 569).
The second definition was that of an aviation psychologist:
Mental fatigue is typically associated with tasks demanding intense
concentration, rapid or complex information processing, and other high
level cognitive skills .... may arise from prolonged (if less intense) activity
... another state ... is that of boredom. (Stokes & Kite, 1994, p. 236)
A third choice for each subject was to furnish a definition of personal belief. A
six-point Likert scale (from Strongly Disagree to Strongly Agree) was utilized for
15 items following the definition item, each of content validity with respect to the
review of the literature. Five demographic items were located at the end of the
survey, for a total of 21 items.
The developing national center at Purdue University for aviation human
factors resources provided the names and addresses of the majority of subjects
chosen for a mail survey. A few names were chosen for their visibility within
aviation's fatigue work to date. The number of individuals chosen for the field
study was 22; 4 employees of federal aviation-related entities, 2 air carrier
training managers, and 16 university faculty members comprised this total.
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The design and U.S.-mailing of the survey included the presentation of the
irresistible April 15 as the return "deadline" for the subjects; the surveys were
mailed 3 weeks prior to that date. By April 15, 18 surveys had been returned; 2
more were returned during the following week.
The high return rate of 90.9% for the field survey provided evidence that
fatigue and its associated fields were of high saliency within aviation (and other
transportation modes). None of the 20 respondents were professionally or
academically associated with the researcher; among them were 4 individuals
with earned doctorates and 15 with earned master's degrees. The item, "yearsaffiliated-with the field of aviation" yielded a mode of "20-25." A review of the
qualitative field survey data resulted in several useful comments for an improved
and expanded instrument and a general consensus that the timing may be right
for human fatigue's position of consequence throughout aviation education and
training curricula . The sample size was not considered to be large enough to
yield results beyond the general consensus, although percentages could be
reported for each Likert scale item.
As within the reflections of thinking by John Dewey (1933), a problematic
situation (that of aviation human fatigue), with attendant conditions of discomfort
and disconcert, had been disclosed by the field study. An educative solution to
this problem begins within the respective curricular paradigms of Ralph Tyler,
Hilda Taba, and Joseph Schwab. The first of Tyler's (1949) "four questions"
inquires "What educational purposes should the school seek to attain?" (p. 1). A
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"diagnosis of need" is first among Taba's "seven steps for development" (1962,
p. 12). Similarly, Schwab's (1978) "what is taught" is equally important within the
"four commonplaces" of education.
The Schwab "practical" paradigm queries the real world state of affairs
and interaction within for meaning, sense of direction, and action. (Ralph Tyler
[1968], as well, later became an advocate of more learning in the real world.)
References within the literature to the adult learning outcomes, cognitive style,
and real world application (as within the adult field of aviation) have been aptly
summarized by Stephen Brookfield (1986):
Adults learn throughout their lives, with the negotiations of the transitional
stages in the life-span being the immediate causes and motives for much
of the learning. They exhibit diverse learning styles--strategies for coding
information, cognitive procedures, mental sets--and learn in different
ways, at different times, for different purposes. As a rule, however, they
like their learning activities to be problem centered and to be meaningful
to their life situation, and they want the learning outcomes to have some
immediacy of application. (p. 31)
Temporally, the literature and the field study appear to have indicated that an
educative treatment of fatigue within the real world of aviation is appropriate and
should be investigated.

Statement of the Problem
The problem to be addressed within the investigation is that within the
U.S. field of aviation, the human fatigue issue is not immediately apparent as an
important operational factor that may contribute to the occurrence (or prevention)
of human error on the flightdecks of commercial air carriers.
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Research Questions
The research questions to be addressed are: (a) Within the U.S. field of
aviation, are issues of human fatigue professionally perceived as a problem on
the flightdecks of commercial air carriers? and (b) Are issues associated with
-·

human fatigue being taught within the U.S. aviation education/training curricula?

Definition of Terms
The following list of definitions is included to clarify terminology that is
utilized throughout this text; some definitions are those of the author.
Body clock time (BCT). Body clock time is the time the body "thinks" it is
experiencing from a circadian standpoint; i.e., the physiological equivalent of
Greenwich Mean Time. "In accordance with most research results, BCT does
not significantly change until at least four time zones are traversed in a given
direction" (Graeber, Hudson, & Kahn, 1991, p. 25).
Circadian rhythms. Circadian rhythms exist throughout human
physiology, consisting of measurable and stable daily fluctuations (sometimes
greater than 50% of the daily mean) in variables such as body temperature,
blood pressure, heart rate, sensory acuity, adrenal gland output, brain
neurotransmitter levels, and cell division (Moore-Ede, Sulzman, & Fuller, 1982).
Crew resource management (CRM).

John K. Lauber, experimental

psychologist and member of the NTSB, defined CRM (with C originally
representing Cockpit) as the utilization of all available resources (information,
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equipment, and people) to achieve safe and efficient flight operations (Barlay,
1990).
Desynchronization, desynchronosis, dysrhythmia, jet lag. These are
generally synonymous terms describing one or more human circadian rhythms in
-·

an out of phase condition (Author).
Electroencephalogram (EEG). The EEG is the core measurement of
polysomnography, and the dimensions derived from its graph are principal in
distinguishing the stages of sleep. The procedure dictates the placement of
10-20 electrodes placed on the skull according to an international standardized
grid (Carskadon & Rechtschaffen, 1994).
Electromyogram (EMG). In a standard polysomnographic recording, the
EMG is obtained from electrodes placed on the muscles beneath the chin
(Carskadon & Rechtschaffen, 1994 ).
Electro-oculogram (EOG). To record eye movements during sleep, the
electrodes are placed very close to the eyes in accordance with standards from a
manual. The EOG recordings are based on the small electropotential difference
from the front to the back of the eye (Carskadon & Rechtschaffen, 1994 ).
Education and Training Module (ETM). A research outcome of the NASA
Ames Fatigue Countermeasures Program with the working title of "Alertness
Management in Flight Operations" (Rosekind, Gander, & Connell, in press).
Fatigue. A condition characterized by increasing difficulty sustaining a
high level of performance output, caused by an interaction of a number of
9

neurobiological (sleep need, circadian rhythm) and neurobehavioral (sustained
vigilance, workload) factors, which may be reflected in a variety of subjective
states (e.g., fatigue, sleepiness, lethargy) (David F. Dinges, personal
communication, November 12, 1996).
Federal Aviation Administration (FAA). An entity of the U.S. government
that has evolved from the 1926 Bureau of Air Commerce, the Civil Aeronautics
Administration (1938), the Federal Aviation Agency (1958), and a 1967 inclusion
within the Department of Transportation. In its evolutionary process, the FAA
has maintained the dual responsibility of regulating safety in aeronautics and
simultaneously promoting the efficient growth of the civil aviation industry.
"Whether serving in the role of enforcer or enabler, the FAA shares goals with
those over whom it maintains surveillance" (Birnbach & Long ridge, 1993, p. 264 ).
Federal Air Regulations (FARs). U.S. laws for aviation under the Code of
Federal Regulations Section 14, subdivided into Parts. For example, FAR Part
61's heading is "Certification: Pilots and Flight Instructors;" Part 91 covers the
general operating and flight rules; and Part 121 deals with the more complex,
detailed rules for the air carriers (Author).
Long-haul. For the purposes of this text, long-haul refers to FAR Part 121
and military jet transport operations in excess of 6 hours, generally crossing
international boundaries, and, on Easterly/Westerly flight patterns, traversing
multiple time zones (each of approximately 15 meridians). A long-haul duty
period normally involves one takeoff and landing (Author).

10

National Transportation Safety Board (NTSB). Established as an
autonomous agency by the Independent Safety Board Act of 1974, the NTSB
seeks to assure that all types of transportation in the U.S. are conducted safely.
The NTSB investigates accidents and makes recommendations to government
-·

agencies, the transportation industry, and others on safety measures and other
practices (Kane, 1987).
Polysomnography. Polysomnography utilizes more than one instrument
for continuous recording of electropotential differences during sleep activities.
Whether the instruments are fixed or portable, today's empirical measures
generally include the EEG, EOG, and EMG (Author).
Short-haul. For the purposes of this text, short-haul refers to FAR Part
121 jet transport operations within the contiguous U.S., wherein time zone issues
are normally minimal. Multiple segments create numerous takeoffs and landings
with high workload in congested airspace; flight crew duty times can be long and
exasperated by delays (Author).
Sleep opportunity time (SOT). The optimum sleep period derived from
flight crew research data; specifically, the time-frame of 2300-0700 body clock
time (Graeber, Hudson, & Kahn, 1991 ).
Time available for rest (TAR). For the purposes of this text, TAR is that
time available to the flight crew between duty periods during which the flight crew
may opt to sleep, exercise, relax, or eat. TAR shall not involve any companyrelated duties, or the transfer time between the airport and the hotel (Author).
11

Significance of the Study
It was proposed that questions concerning human fatigue on commercial
flightdecks within the U.S. field of aviation and its associated curricula were
timely. If the problem existed within the U.S. and was not being addressed
through education/training, the flightdeck fatigue issues could be equally
applicable to other segments of the U.S. aviation community, as well as aviation
systems on an international basis. Future direction concerning aviation fatigue
issues and content within the curricula could result in the transfer of aviation
fatigue education/training to other modes of transportation, as well as other
24-hour industries. Long range, there could be a reduction of human error as a
contributory factor for incidents and accidents throughout society.

Assumptions and Limitations
The following assumptions and limitations existed with regard to the
conduct of the proposed research:
1. Aviation has been determined to be an adult-only field; thus, it is logical
to assume that the education/training question is applicable to adult learning .
2. The population consisted of adult, professional groups within the U.S.
aviation community. Accordingly, the following three groups were chosen for a
mail survey: (a) Aviation educators at the college/university level, (b) individuals
involved with the training/management of air carrier flightdeck crews, and (c)
commercial air carrier line captains.
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3. Subjective responses to the survey were accurate.
4. Anticipated quantitative (and qualitative) data obtained from the study
may be instrumental to the future direction of human fatigue as content within the
aviation education and training curricula.

Data Collection
An instrument was developed similar to the one developed for the field
study in the Spring of 1996, which despite having only face validity generated a
very high return rate. The instrument for this study was reviewed by a panel of
three experts for validity with respect to the research questions and the internal
reliability of each item. The experts were representative of the three groups to
be surveyed and were knowledgeable with respect to the issues associated with
fatigue and the education and training thereof: (a) David Dinges of the University
of Pennsylvania represented the higher education group; (b) Howard Bell of
Northwest Airlines was representative of the air carrier training and management
group; and (c) Bill Edmunds of the Air Line Pilots Association (ALPA) was
representative of the air carrier line captains.
The surveys were mailed and returned during a period from the end of
November 1996 to the middle of January 1997. Good return rates were obtained
from the educator and training groups; the return rate for the line captains was
practically non-existent. The list and the mailing for the air carrier line captains
was handled in a different manner than the lists and mailing for the other two
13

groups, and was not available to the researcher. It was a one-time random
selection, and the list was not retained by ALPA. By the end of February 1997, a
decision was made to obtain data from another group of professional pilots.
Accordingly, the instructor pilots of COMAIR Academy in Sanford, Florida
were chosen for their position at the beginning of a professional career and the
cooperative nature of the organization. The surveys of the COMAIR group were
personally administered by the researcher during the first week of March 1997,
with only one demographic item on the instrument requiring a change. A fourth
descriptive category of general aviation instructor pilot (G/A instructor pilot) was
added to the item (number 23) asking the respondents to categorize or group
themselves according to their current position within aviation.
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CHAPTER II
REVIEW OF THE LITERATURE

On August 8, 1961, a British Viking aircraft in London, with 34 pupils and
their 2 masters aboard, was mechanically delayed for 5 hours. The Viking then
flew one segment to Stavanger, Norway, which terminated with an instrument
approach characterized by wild, gusting winds resulting in wreckage littered
about a fjord. At the time, the British Board of Trade's Air Accident Investigation
Branch (AAIB) had solved an overwhelming majority of its air carrier accident
cases; and the U.S. Civil Aeronautics Board (the predecessor of the NTSB) had
solved 94% of its air carrier cases since the passage of the Civil Aeronautics Act
in 1938. Pedantic accident work by the AAIB and Norwegian specialists, with
some U.S. assistance, yielded no probable cause (Barlay, 1970). One of the
investigators closely associated with the accident addressed the human factors
(including crew performance and fatigue) as follows:
The Viking used to fly with two pilots and a radio officer. There is a third
seat for this third man in the cockpit. But then it became standard
procedure to fly the Vikings without the radio officer. He was regarded as
redundant. A change of philosophy, you know. Without substituting new
mechanical aids, his absence meant perhaps extra work-load for the
pilots. They could cope with it, no doubt, in normal circumstances.
Others have been coping with it ever since. But could they do it when
getting tired after the long delay in London, at the end of the flight, when
the weather was getting worse and worse, and when signs of slight
15

confusion exerted additional pressure? We don't know. And we don't
know if the same would have happened had they had a radio officer on
board. (p. 12)
The human operators of the Viking aircraft had been called upon to perform at
the completion of a long duty day, after one segment of less than 700 miles and
one time zone change. This

Work pattern, with the exception of the single

segment, is representative of the domestic, multiple day work patterns flown by
the flight crews of U.S. air carriers.
During the 1960s, the fields of sleep research and chronobiology had not
matured, nor developed together. One reason, among others to be reviewed
later, was that "the favorite animal of sleep research from the 1930s through the
1970s was the cat, and both cats and dogs do not demonstrate clearly defined
circadian activity rhythms" (Dement, 1994, p. 6). In the aforementioned Viking
review, the rest/activities of the flight crew prior to the long duty day that resulted
in the accident were not mentioned. Although the report probably mentioned the
time of day of the accident, the reconstruction of flight crew sleep, duty time, and
chronobiology was not practiced.
Despite being broad and covering a very broad field, David Meister's 1989
definition of human factors as "the study of how humans accomplish work-related
tasks in the context of human-machine system operation, and how behavioral
and non behavioral variables affect that accomplishment" (p. 2) is appropriate for
aviation human factors, including flight crew work patterns. During the analysis
of flight crew human factors, including fatigue, the focus has specifically been the
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capabilities of the brain (i.e., cognition or information-processing). Conversely,
this focus does not diminish the importance of the environmental (e.g., heat,
cold, noise), ergonomic (e.g., seating, anthropometry, field of view), nutritional
(e.g., diet, strength), etc. factors for the human operators on the flightdeck. In
this literature review of human fatigue, and throughout this text, the implication is
one of mental (cognitive) fatigue and not muscle fatigue. (The flying of modern
jet aircraft does, however, present the possibility of muscle fatigue during some
hydraulic or electrical system failures requiring flight crew reversion to manually
powering large flight control surfaces.)
In serving a 24-hour society, safe and effective flight crew performance is
elemental to air carrier operations during a wide variety of environmental
conditions at various times of the day and night. Accordingly, short-haul flight
crew body clock time (BCT) becomes a fatigue-inducing factor according to all
scientific evidence (Graeber, Hudson, & Kohn, 1991 ). Examination of a few flight
crew multiple day work patterns for a U.S. air carrier should be demonstrative of
some fatigue causes, and the possibility of performance decrements.

Flight Crew Pairings
The work patterns are multi-day, domestic "trips" or "pairings" flown by
flight crewmembers based in (or domiciled at, perhaps commuting to) the St.
Louis, MO (STL) hub for a major U.S. airline. The STL hub is located in the
Central Standard Time zone of the U.S. --the equivalent of Greenwich Mean
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Time (GMT) minus 6 hours. The nzone .. column of Tables1 through 4 indicates
the .. minus.. number of hours from GMT to derive the local time zone for the
airport of departure located in the .. From .. column. All departure and arrival times
are in local time. ..Block.. flight times are from block-out of the departure gate to
block-in at the arrival gate ... REST .. represents time at the hub, which is where
the flight crews are domiciled .
Several spoke cities of the hub-and-spoke route system appear in the
pairings with their respective three-letter airport codes (similar to STL), a
decoding of which is included at this point to facilitate the reading of the four
example flight crew pairings.

Airport Identifiers and Their Cities
BNA

Nashville, TN

MIA

Miami, FL

CLE

Cleveland, OH

ONT

Ontario, CA

cos

Colorado Springs, CO

ORO

Chicago's O'Hare

DEN

Denver, CO

PSP

Palm Springs, CA

FLL

Fort Lauderdale, FL

SLC

Salt Lake City, UT

INO

Indianapolis, IN

STL

St. Louis, MO

JFK

New York's John F. Kennedy

TPA

Tampa, FL

MOW

Chicago's Midway

Time Available for Rest (TAR)
In the design of flight crew pairings, or trips, involving rest away from
home, the Federal Aviation Administration (FAA) and the air carriers have
traditionally considered the time associated with preflight (typically 1 hour) and
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postflight (typically 15 minutes) activities as crew rest, or layover time. The
transfer time involved for the flight crew to travel between the airport and the rest
facility, or hotel, has also traditionally been scheduled as crew rest.
Temporally, a more realistic "Time Available for Rest" (TAR) is the result
of subtracting 3 hours from the total time at the layover city, or station, to account
for pre- and post-flight duties, airport-hotel transfer times, and personal hygiene
needs. Consequently, TARs, the column headings at the far right of the flight
crew pairings to be presented, shall be utilized throughout this text.

Multi-Day Trips
Philippa Gander and Curtis Graeber (1987) selected 3- and 4-day trips for
their research. The first trip illustrated in this text {Table 1) is a 2-day trip which
is paired "back-to-back" (the trip is flown twice without any days off between the
two trips). The back-to-back pairing of short trips (in terms of the number of duty
hours, the diurnal timing of duty, and the number of takeoffs and landings per
duty period) may be recognized as possessing the same potential for cognitive
fatigue as longer 3-, 4-, and 5-day trips flown by domestic U.S. air carrier flight
crews. (Additionally, this text utilizes the 2-day trip first to provide familiarity with
the reading of pairings.)
This first pairing is also somewhat indicative of the nonstandard, altered
flight crew work schedules dictated by the 24-hour requirements of the air carrier
industry. The pairings themselves generate many subjective reports of fatigue,
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Table 1
A Typical 2-Day Flight Crew Pairing (Often Paired Back-to-Back)

Day Zone
1

2

From

To

6

STL

DEN

399

-

1210

1330

2:20

7

DEN

cos

399

1400

1432

:32

7

cos

DEN

88

1509

1546

:37

7

DEN

STL

88

1616

1931

2:15

6

STL

MOW

88

2016

2126

1:10

6

MOW

STL

297

0726

0838

1:12

6

STL

IND

374

1117

1318

1:01

5

IND

STL

567

1356

1358

1:02

Flight# Depart Arrive

Block

Duty

TAR

10:31

7:00
(2:39)

7:47

REST

especially the station breaks that extend the flight crew duty day. (In the 2-day
pairing, a [2:39] break is located within the TAR column and in the first row for
Day 2; these breaks in the duty day generally occur at the hub [STL], as did this
one.) Notwithstanding, "the most substantial empirical data suggest that the two
principal physiological sources of fatigue are sleep loss and circadian disruption"
(Rosekind et al., 1994, p. 328). The review of sleep research and chronobiology
that follows the flight crew pairings in this text addressed the issues of BCT and
circadian factors, as well as potential napping.
A 4-day pairing introduces the circadian desynchronization factor for U.S.
short-haul flight crews in Table 2. Within the 4-day pairing, Day 3 has a West-to20

Table 2
A 4-Day Flight Crew Pairing Traversing Four Time Zones in 1 Day

Day Zone From

To

Flight#

Depart

Arrive

Block

Duty

TAR

2:41

7:14

8:32

22:13

10:17

7:48

7:58

REST

1

6

STL

ORO

88

1920

2046

1:26

2

6

ORO

STL

429

0700

0815

1:15

6

STL

ONT

429

0915

1105

3:50

8

ONT

PSP

429

1140

1217

:37

8

PSP

ONT

336

1330

1400

:30

8

ONT

STL

336

1440

2016

3:36

6

STL

TPA

336

2100

0020

2:20

5

TPA

MIA

336

0045

0132

:47

5

MIA

JFK

4

1220

1518

2:58

5

JFK

STL

77

1610

1803

2:53

3

4

East traversing of four time zones. (Interestingly, during the third day of the
pairing [from ONT to STL], the flight crew commences a 24-hour period that
contains five landings and 11:11 of scheduled flying time.)
Tables 3 and 4 illustrate the same 4-day flight crew pairing, with Table 3
depicting the trip as scheduled and Table 4 depicting the trip as actually flown .
Table 3 indicates that the trip was scheduled for reasonable length duty days
and TARs. In comparing the as flown pairing to the as scheduled pairing, the
report times for the flight crew were the same (i.e., 1 hour before the scheduled
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Table 3
A 4-Day Flight Crew Pairing AS SCHEDULED

Day Zone From

To

Flight#

Depart Arrive

Block

Duty

TAR

4:30

7:52

6:53

21:55

8:06

14:09

6:35

REST

1

6

STL

SLC

395

1830

2055

3:25

2

7

SLC

DEN

870

0747

0905

1:18

7

DEN

JFK

870

0948

1525

3:37

5

JFK

FLL

159

1620

1937

3:17

5

FLL

JFK

194

2022

2311

2:49

5

JFK

CLE

717

1620

1806

1:46

5

CLE

BNA

717

1831

1907

1:36

6

BNA

STL

717

1932

2040

1:08

3

4

departure). The report time (as scheduled or as flown) is then used to arrive at
the duty times and the TARs in the last two columns of Table 4.
The first day of Table 4 has a decreased TAR (created by a weather delay
at the origination of the pairing), and the third day's considerable increase in the
length of duty was caused by a mechanical delay (similar to the Viking scenario).
Thus, the net result of a 24-hour operation that is subject to weather vagaries
and mechanical disruptions is the occasional presence of non-scheduled ,
undesirable duty/rest cycles for the flight crew as depicted within Table 4.
Representative real world flight crew work patterns for the short-haul have
been introduced with Tables 1 through 4. Chronobiology (including circadian
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Table 4
The 4-Day Flight Crew Pairing of Table 3 AS FLOWN

Day Zone From

To

Flight#

Depart Arrive

Block

Duty

TAR

5:33

6:49

7:12

21:36

10:24

11:51

6:54

REST

1

6

STL

SLC

395

1946

2158

3:12

2

7

SLC

DEN

870

0743

0902

1:19

7

DEN

JFK

870

0952

1544

3:52

5

JFK

FLL

159

1911

2226

3:15

5

FLL

JFK

194

2300

0129

2:29

5

JFK

CLE

717

1705

1850

1:45

5

CLE

BNA

717

1919

1947

1:28

6

BNA

STL

717

2002

2059

:57

3

4

-

dysrhythmia, or jet lag) and sleep loss associated with flight crews flying the
long-haul flights that cross numerous time zones is well-documented within the
literature. Both short-haul and long-haul flying often involve a normative
framework of non-standard, altered work schedules that results in physiological
disruptions for the flightdeck crewmembers. This framework may be viewed as a
subset, yet a specialization, of shift work throughout much of the literature.

Chronobiology
Within the activities of plants and animals, 24-hour rhythms have been
recognized for centuries. Until the early 18th century, it had been reasonably
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assumed that these 24-hour rhythms were a direct consequence of the periodic
fluctuation of light and darkness occasioned by the rotation of the earth about the
sun. In 1729, Jean Jacques d'Ortous de Marian described a heliotrope plant that
normally opened its leaves during the day and folded them at night. With the
plant moved where the environmental sunlight could not reach it, the heliotrope
continued to open its leaves during the day and fold them at night, thereby first
demonstrating the persistence of circadian rhythms in the absence of any
external, or environmental, time cues-- now commonly referred to as zeitgebers
(Moore-Ede, Sulzman, & Fuller, 1982).
Circadian rhythms exist for virtually every homeostatic function of the
adult human body (e.g., the stages of sleep, the excretion of calcium and
potassium, and skin and body core temperature). All the circadian rhythms are
normally synchronized to a period typically close to 24 hours and associated with
the repetitive light-dark cycles created by the sun. (Under conditions of constant
darkness and the absence of other zeitgebers, the rhythms have been observed
to be free running-- opting for periodicity closer to 25 hours [Aschoff, 1969].)
There exists a distinct phase relationship of the rhythms to the sleep-wake cycle,
tempered by contributory entrainment of the rhythms by environmental
zeitgebers. This entrainment of the rhythms may not necessarily be coordinated,
creating the aspects of partial entrainment and desynchronization. The shifting
of circadian rhythms in different directions is referred to as the partitioning of
rhythms (Winget, DeRoshia, Markley, & Holley, 1984 ).
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More than 100 years ago, the Italian physiologist Ugolino Mosso (1887)
raised the question whether the day-night rhythm of rectal temperature (a most
common biological marker for body core temperature, today) could be inverted
by working at night and sleeping during the day. Utilizing self-measurements,
Mosso arrived at the conclusion that there was "une courbe fondamentale de
variations automatiques de Ia temperature," and that by shifting his sleep time by
12 hours, he only had "superposer une nouvelle courbe a Ia premiere, eta
obtenir une courbe resultante de deux phenomenes qui precedent en direction
opposee" (p. 183). Loosely translated, Mosso had anticipated the existence of
what is currently referred to as endogenous rhythm, and the two properties of
this rhythm-- rigidity and plasticity.
Despite a multiplicity of constituents and relationships, the circadian
system generally behaves as one unit characterized by the durability of its
oscillations, an internal temporal order, rigidity, and inertia. However, in
conjunction with conflicting zeitgebers and desynchronization, the property of
plasticity can be demonstrated. Amidst the complex interplay between these
factors, the rhythm of sleep and wakefulness holds a specific place and is
regulated by one or more clock mechanisms located throughout the brain.

The Suprachiasmatic Nucleus (SCN)
Within the anterior hypothalamus, which receives direct projections from
the human retina (that may carry the cyclical signals essential for establishing

25

the light-dark cycle), is a small cluster of neurons believed to be the pacemaker
for the circadian system. This suprachiasmatic nucleus (SCN) was identified
more than 20 years ago as a putative pacemaker during lesion studies of the rat.
The SCN appears to be "one of two primary oscillators" in humans that are
linked during normallig-ht:cJark cycles but run free with independent cycles
under conditions of constant light. ... controls slow-wave sleep, plasma
growth hormone, skin temperature, and calcium excretion .... The second
oscillator controls rapid eye movement (REM) sleep, plasma
corticosteroids, body core temperature, and potassium excretion.
(Kandel, Schwartz, & Jessell, 1995, pp. 624-625)
It is generally accepted that the brain's biological clock(s), or oscillator(s), also
exert(s) powerful influences on blood pressure, digestive secretions, stress
hormones, and melatonin production.

Sleep Research
In his 1989 book, J. Allan Hobson stated in his opening sentence that
"more has been learned about sleep in the past 60 years than in the preceding
6,000." Hobson continued with "In this short period of time, researchers have
discovered that sleep is a dynamic behavior. Not simply the absence of waking,
sleep is a special activity of the brain, controlled by elaborate and precise
mechanisms" (p. 1).
The 60 years referred to by Hobson commenced with the 1920s work of
Nathaniel Kleitman, a physiologist at the University of Chicago. Kleitman's
findings suggested that human beings were about as impaired as they would get
(i.e., very impaired) after about 60 hours of wakefulness; and that longer periods
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of wakefulness would produce little additional change. He also made the simple
but brilliant observation that individuals who stayed up all night were generally
less sleepy and impaired the next morning than in the middle of the previous
night (Kieitman, 1923).
In 1906, Santiago Ramon y Cajal (1989) and Camillo Golgi had shared
the Nobel prize for first demonstrating that the human central nervous system
(CNS) was not a mass of fused cells sharing a common cytoplasm, but a highly
intricate network of discrete cells that had a key property of signaling to one
another. The human electroencephogram (EEG, measuring electrical brain
activity with electrodes placed on the scalp) had been used to characterize sleep
with high-amplitude slow waves and spindles, whereas wakefulness was
characterized by low amplitude waves and clear rhythmic alpha activity (8 to 13
cycles per second [cps]). These sleep findings were incorporated in Kleitman's
comprehensive, landmark Sleep and Wakefulness (1939).
In the 1950s, a graduate student, Eugene Aserinsky, and Kleitman began
to use electro-oculography (EOG, measuring eye motility continuously) in the
study of rapid eye movements (REM) and sleep (1953). A revised edition of
Kleitman's monograph (1963) included the definition of two separate states of
sleep (non-rapid eye movement [NREM] and REM) that existed within mammals
and birds; these two states were described as distinct from each other as each
was from wakefulness. NREM sleep was subdivided into four stages defined
according to EEG patterns and verbally described within Table 5.
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Table 5
Wakefulness and Sleep: States and Stages
State

Stage

EEG Activity

Physical Markers

Wakefulness

Alpha rhythm (8-13 cps),
high-frequency,
low-amplitude

Muscles toned

REM Sleep

Mixed frequency, some
theta (4-7 cps) and alpha
activity, low amplitude,
sawtooth waves

Vivid dreams, phasic
twitches, lack of muscle tone

1

Theta waves (4-7 cps),
relatively low amplitude,
mixed frequency

Slow eye movement, some
muscle relaxation, slowing
heart rate

2

Relatively low amplitude,
mixed frequency, spindles
(12-14 cps), K complexes
(brain excitation)

Slow eye movement, further
muscle relaxation , slower
heart rate, even breathing

3

High amplitude, lower
frequency, delta rhythms
{<4 cps)

Greater muscle relaxation
with few body movements,
heart and respiration rates
slow and regular

4

Lower frequency, higher
amplitude

Few body movements with
almost full muscle relaxation

NREM Sleep

In standard polysomnographic recording, the EOG readings (electrodes near the
eyes record movement) are based on the small electropotential difference from
the front to the back of the eye. The muscles (mentioned in Table 5) beneath
the chin are the standard point of measure for the electromyogram (EMG).

Sleepiness
Sleepiness is generally viewed as a psychophysiological transition state
between wakefulness and sleep (Pivik, 1991 ). There is a duality to this state's
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importance. Sleepiness directly impairs the performance of humans. Indirectly,
through the quality of sleep (and consequent alertness and performance level)
determined by the level at which sleep is attempted, sleepiness also influences
an individual's ability to perform. In the 1980s, the methodology of one sleep
and pharmacology study (Seidel, Roth, Roehrs, Zorick, & Dement, 1984)
involved three of today's most-frequently-utilized measures of sleepiness.

The Stanford Sleepiness Scale (SSS)
In 1963, having worked with Kleitman at the University of Chicago, William
Dement moved to Stanford University. There, in the School of Medicine, the
predominantly all-night sleep research of the 1960s transitioned to efforts to
quantify subjective sleepiness for any time period of the day or night. The
graduate work of Eric Hod des led to the development of the self-reporting SSS
with the following seven-point scale:
1. Feeling active and vital; alert; wide awake.
2. Functioning at a high level, but not at peak; able to concentrate.
3. Relaxed; awake; not at full alertness; responsive.
4. A little foggy; not at peak; let down.
5. Fogginess; beginning to lose interest in remaining awake; slowed down.
6. Sleepiness; prefer to be lying down; fighting sleep; woozy.
7. Almost in reverie; sleep onset soon; lost struggle to remain awake.
(Hoddes et al., 1973, p. 431)
Today, in addition to providing useful information for clinical states in sleep
disorders, SSS self-reporting has continued to be useful in studies on napping,
circadian rhythms, sleep loss, and pharmacological effects (e.g., Dinges, Orne,
Whitehouse, & Orne, 1987; Walsh, Schweitzer, et al., 1991 ).
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The Multiple Sleep Latency Test (MSLT)
In conjunction with the doctoral work of Mary Carskadon in the 1970s, an
objective polysomnographic measure to determine sleep propensity across the
24-hour day was also developed at Stanford. The MSLT measures the speed of
falling asleep in a standard setting; a first sleep latency test is usually conducted
two hours after waking from nocturnal sleep, and then at two hour intervals until
2000 to provide reliable data on diurnal sleep latencies (Carskadon & Dement,
1977, 1981, 1982; Carskadon et al., 1986).
Where possible, most of the recent studies involving sleep, performance,
circadian rhythms, napping, pharmacology, etc. have utilized the objective MSLT
for quantitative data. (This includes some of the NASA Ames fatigue studies.)

The Profile of Mood States (POMS)
POMS (McNair, Lorr, & Droppleman, 1981) is a well known mood scale
incorporating six major factors, which are emphasized as being independent of
each other: Tension-Anxiety, Depression-Dejection, Anger-Hostility, Vigor,
Fatigue, and Confusion. The administration of this subjective measure involves
each individual rating adjectives encompassed within each of the six mood
factors on a five-point scale (from "not at all" to "extremely"). Sleepiness may be
viewed as incorporating the moods Vigor, Fatigue, and Confusion within this
measure that has frequently complemented the MSLTin sleep studies (e.g.,
Bonnet & Arand, 1994; Walsh, Sugerman, Muehlbach, & Schweitzer, 1988).
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Performance
Many laboratory results, some mixed, concerning human performance are
to be found within the literature. Those concerned with circadian rhythms, sleep,
and sleepiness usually are set in a temporal isolation unit with relatively young
volunteer subjects and limited independent variables. The result is controlled
dependent variables, which often do not predict the real world. As Alphonse
Chapanis concluded, with reference to the behavioral sciences, in 1967:
I have found this a sobering and humbling exercise. It appears that if you
want to use the results of laboratory experiments to help solve practical
problems, you should do so with extreme caution. Although the results of
laboratory experiments sometimes provide you with ideas and hunches
that may be worth trying out in practical situations, you would be rash to
generalize naively from laboratory findings to the solution of real-world
problems. (p. 575)
Chapanis also quoted from a then-current psychological report:
Research on learning processes represents perhaps the largest single
area of investigation presently being pursued by experimental
psychologists .... However both academic and practically oriented
psychologists agree that a very small percentage of findings from learning
research is useful in any direct sense, for the improvement of training or
educational practices. (Mackie & Christensen, 1967, pp. 4-5)
Both of these cautions from 1967 have considerable bearing on this text.
Notwithstanding, the current Zeitgeist in aviation human factors should
probably be as defined by the NASA Ames Fatigue Countermeasures Program:
The overall research approach has been to integrate data collected from
field studies during regular flight operations with full mission, high-fidelity
flight simulation studies and with results from controlled laboratory
experiments. Each of these research approaches has strengths and
weaknesses from both a scientific and an operational viewpoint. ...
Clearly, the integration of all three approaches in a single program has
important advantages, and the program has conducted studies using
each of these research approaches to capitalize on their unique strengths.
(Rosekind et al., 1994, pp. 328-329)
31

In 1979, Akerstedt and Gillberg reported that "memory performance was
clearly reduced by sleep deprivation" (p. 52), as the result of a laboratory study
utilizing young subjects. With similar subjects in a sleep laboratory, Carskadon
and Dement reported in 1981 concerning recovery after sleep restriction. These
two studies are popular within the literature and are representative of studies
within two very good review papers: (a) Winget et al.'s 1984 report on fatigue,
circadian rhythms, and performance; and (b) Gerald Krueger's 1989 report on
fatigue, sleep loss, and performance.
A chapter regarding cognitive processes and performance by Glyn Robert
John Hockey in a 1986 handbook discusses fatigue and circadian rhythms, with
reference to many studies to date. Additionally, the excellent review article of
Torbjorn Akerstedt (1988) has related the factors of sleepiness, sleep (loss),
circadian rhythms, and shift work performance to incidents and accidents in the
real world.

Military Flight Operations
A 1952 U.S. Air Force paper by Strughold discussed the problem of a
persistent physiological day-night rhythm for "troops flown overseas and sent to
the battle front immediately after their arrival." Concern was also expressed for
"meetings in the diplomatic, economic, and military fields," in view of the fact that
"flyways of the migratory birds go by and large across the latitudes (latitude
migration). With only a few exceptions they cross no more than 60 meridians or
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four time zones" (p. 470). One of the conclusions drawn by Strughold was that
"crews of transoceanic airplanes should not be subjected to this change too
often .... frequent changes [with respect to the diurnal cycle] might result in
neuroses" (pp. 471-472).
As Strughold correctly predicted, it was not long before jet transports were
routinely traversing the ocean and crossing 120 meridians (eight time zones) or
more. By the early 1990s, global attack conditions required by Operations
Desert Shield and Desert Storm resulted in severe subjective fatigue that
corresponded with pilot errors for U.S. Air Force transport crews (Neville, Bisson,
French, Boll, & Storm, 1994 ).
The Neville et al. early 1990s study of U.S. Air Force flight crew errors
(related to fatigue) was certainly not the first (or last) military study of human
errors related to performance and circadian rhythms, sleepiness, fatigue, etc.
For example, a study of U.S. Navy aviation mishaps circa 1980 reported that
"Fatigue/sleep deprivation was a definite or suspected factor in nearly 70 naval
aviation ... mishaps during the past 5 yr. [sic]" (Borowsky & Wall, 1983, p. 538).
A slightly longer period (1968-1980) was used for a retrospective study of
peace time Air Force accidents by the Israel Air Force Aeromedical Center. The
study resulted in a pattern of accidents per hour of the day (calculated so as to
be independent of the frequency of flights) that appeared to be related to the
flight crews' sleep-wake cycles (Ribak et al., 1983). (In studying Army soldiers
during continuous operations, Diana Haslam [1981] had also noted cognitive
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deterioration.) In support of flight crew fatigue considerations, 1994 U.S. Navy
transport flights from Greece were monitored with both objective and subjective
measures of human fatigue, resulting in successful, safe sustained operations
(Stoner, 1996).

Commercial Flight Operations
A 1966 medical report was authored by the retired medical director of a
U.S. international air carrier, and authorized by an Air Transport Association
committee of six active U.S. airline medical directors. The conclusion may have
appeared on the first of 44 pages, during the general discussion for the report:
"What, then, is fatigue in the pilot beyond his subjective complaint of weariness
and tiredness?" (p. 1). At the end, a one paragraph conclusion opened with
"Finally, it is emphasized that pilot fatigue is a very complex problem, however, it
can only be concluded from this study that the occurrence of pilot fatigue as
defined is not a common occurrence in the airline pilot" (Schreuder, p. 43).
Three studies by Hauty and Adams (1966a, b, and c) studied the phase
shifts of the human circadian system during global jet flight for four, volunteer
passenger subjects with: (a) East-West flight from Oklahoma City to Manila (1 0
time zones); (b) West-East flight from Oklahoma City to Rome (7 time zones);
and (c) North-South flight from Washington, DC. to Santiago, Chile (1 time zone).
The subjects were "healthy, adult, male volunteers ... from the professional and
technical staffs of the Civil Aeromedical Research Institute" (1966c, p. 1258).
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Their "daily habits were representative of the general, adult, male population
because of the need for a reference against which to compare findings from
international air carrier crews" (1966a, p. 668). During each of the three studies,
the subjects were biomedically assessed five times per day (0700, 1100, 1500,
1900, and 2300 local time) for approximately 1week-plus during each the
pre-flight period, the layover, and the post-flight period.
The biomedical assessments included: (a) body core (rectal) temperature,
(b) evaporative water loss, (c) heart rate and respiratory rate, (d) reaction time,
(e) decision time, (f) critical flicker-fusion, and (g) subjective fatigue. East-West
and West-East flights effected a primary shift of phase of circadian periodicity
manifested by the physiological functions, whereas the North-South flight did not.
All three studies resulted in significant increments of subjective fatigue, but only
the transmeridian flights resulted in significant performance deficits.
Germany's Aerospace Medical Institute utilized a simulator study in the
late 1960s to conclude that "the most significant measure to reduce the negative
effects of transmeridian trips ... is to prevent sleep loss as far as possible." The
reduction in performance at certain times of the day resulted in the following:
To prevent sleep irregularities due to dysrhythmia we should not hesitate
to suggest the use of sleeping drugs. Even crewmembers should be
permitted to use low doses of an appropriate drug, if the time interval
between drug consumption and the beginning of the following duty period
is not less than 12 hours. (Klein et al., 1970, p. 131)
Japanese researchers and Japan Air Lines first reported that sleep rhythms are
clearly disturbed after transmeridan flights in 1981 (Endo, Yamamoto, & Saski).
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Fatigue
Dennis Holding's 1983 review of well-established empirical data supported
the deterioration of perceptual and motor skills associated with prolonged
performance of complex skills. The laboratory research in general (confounded
by measurement of task characteristics, identification of fatigue-inducing factors,
quantification of resultant fatigue, and the effects of boredom and motivation),
has nevertheless failed to demonstrate a relationship between subjective fatigue
and measurable changes in performance. Conjunctive with advanced
automation on the real world flightdecks of air carriers, the laboratory studies
have increasingly addressed boredom, complacency, and associated vigilance
decrements, with situation awareness becoming the newest domain for research
(Flach, 1994 ).
The aforementioned phenomena do correlate with human fatigue. The
individuals on today's flightdecks are affected by cognitive (i.e., information
processing --dependent upon one's school of psychology) slowing which may
manifest itself with (a) inattention to detail (easily distracted); (b) short-term
memory loss; (c) impaired judgment and decision making; (d) fixation and
narrowed concentration (channelized cognition); (e) increased irritability and
depression; (f) a personal loss of initiative; (g) a diminished attitude, and
accompanying performance; (h) decreased visual perception; and (i) increased
reaction time (Buch & Diehl, 1984; Orasanu, 1993; Wickens & Flach, 1988).
Similarly, Parasuraman, Molloy, and Singh (1993) have questioned new
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technology and automation, with a resultant induced complacency. In discussing
the control of aircraft systems, displays, and automation, Wiener (1981) has
viewed complacency "as a conscious or subconscious relaxation of one's usual
standards in exercising judgment, in selecting strategies, and in making
decisions" (p. 118).
Operator error was classified into two categories by Lincoln (1962): errors
of omission (Category I) and errors of commission (Category II). The Category I
errors have been considered to be associated with attention (vigilance) and
memory. The Category II errors have consisted of errors of operation, errors of
identification, and errors of interpretation. Human error on the flightdeck was
determined to be causal in several NTSB aircraft accident reports during the
1970s (1973; 1979a; 1979b; 1980). Psychological and physiological factors
were evident among those crew errors, including elements of crew fatigue in two
of the accidents (NTSB, 1979a & 1980). The NTSB accident reports resulted in
a 1980 Congressional request for research into these factors for commercial
flight crews.

NASA Ames: Research and Countermeasures
In the response to Congress, a workshop was convened at the NASA
Ames Research Center in August 1980 to study the psychophysiological inputs
to crew error on the flightdeck . Participants in the workshop were from the
scientific community, air carrier pilot groups, and air carrier management. The
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express purpose was to recommend a course of research into the physiological
and psychological effects of flight operations on flight crews, and the operational
significance of these effects. A conclusion was that "there is a safety problem,
of uncertain magnitude, due to transmeridian flying and a potential problem due
to fatigue in association with various factors found in air transport operations"
(abstract, NASA, 1980).
Subsequently, the NASA Ames Fatigue/Jet Lag Program was structured
to determine the magnitude of the problem and its operational implications. A
trio of program goals were established, which continue to guide research efforts:
1. To determine the extent of fatigue, sleep loss, and circadian disruption
in flight operations.
2. To determine the impact of these factors on flight crew performance.
3. To develop and evaluate countermeasures to mitigate the adverse
effects of these factors, and to maximize flight crew performance and alertness.
A 1991 program name change to the Fatigue Countermeasures Program
emphasized the development and evaluation of countermeasures. Program
activities since 1993 have included the hosting of two-day workshops at NASA
Ames utilizing the ETM in development. Since the early 1980s, the program has
featured the analysis and writing of a variety of scientific and operational
publications that transfer the information acquired over the past 13 years to both
the scientific and operational communities.
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An early report from researchers (Foushee, Lauber, Baetge, & Acomb,
1986) stated counter-intuitive conclusions that coordination within the crew and
optimization of available resources offset any psychophysiological decrements in
crew performance. These conclusions were certainly in agreement with the
absence of both crew coordination and optimization of available resources that
were blatantly causal in three accident reports of the era (NTSB, 1973, 1979b, &
1982). The innovation labeled cockpit (which would later change to crew)
resource management (CRM) evolved and was rapidly diffused throughout the
government organizations, the air carrier industry, and other aviation training and
operational entities on a global basis. Somewhat regrettably, CRM has rapidly
grown to represent the totality of aviation human factors within some sectors of
the operational community.
NASA Ames has continued a scientific investigatory program of flight crew
workload and performance; the ongoing reconciliation entailed within science
has continued to equate Category I and II human errors with mental workload
and sleep deprivation (Johannsen et al., 1979; Webb & Levy, 1984 ). In
December 1990, the aviation community was informed that CRM alone would
not abate the crew-caused accident trend with two startling inferred statistics:
1. From 1980 to 1989, over 72% of the world's airline hull losses were
avoidably crew caused--only a slight improvement over the previous
decade.
2. If the current rate stays absolutely flat, a projection based on the
increase in the number of airplanes in service shows that, by the year
2005, there will be an airline hull loss somewhere in the world
approximately every two weeks. (Weener, 1990, p. 1)
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As momentum built for improved flight crew performance, the NASA Ames
flight human factors program for the study of flightdeck crew psychophysiological
issues came under the direction of a psychologist from the Stanford University's
program of sleep medicine, Mark Rosekind. Concurrently, at the national level,
Congress' Office of Technology Assessment (OTA, 1991) had been directed to
study the effects of circadian rhythms in the workplace. Additionally, a report
was in progress (Wake up America:, 1993) by the separate National Commission
on Sleep Disorders Research -- created by law in 1988, and chaired by William
Dement, the Director of Stanford's sleep medicine program.
In an early 1980s NASA study, Gander, Graeber, Foushee, Lauber, and
Connell ( 1994) established that commercial jet transport pilots (7 4 participants
employed by a major U.S. airline) flying several daily segments in 3- and 4-day
trips (short-haul air carrier operations) are subjected to multiple cycles of
complex tasks. Adequate rest (sleep), the restorative process enhancing human
performance, was inhibited primarily by the nature of trip duty periods and
intervening layovers. Gander et al. utilized high-fidelity sleep and activity
monitoring equipment to assess the sleep impact of flight crew pairings resulting
from the short-haul operations. The development of a somewhat general
misconception that CRM represented the totality, and not one constituent
element, of applied aviation human factors resulted in the Gander et al. study not
being published until 1994.
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An early Ames study of Royal Norwegian Air Force crewmembers flying
from Norway to California and back (nine time zones in each direction) utilized
2-minute interval recordings of body core (rectal) temperature, heart rate, and
wrist activity. In addition, fatigue and mood were rated every 2 hours and sleep
times were logged and rated; participants completed four personality inventories.
Data (subjective and objective) was recorded concerning circadian rhythmicity,
sleep-wake cycles and quality, temperature and performance, and mood and
fatigue (Gander, Myhre, Graeber, Andersen, & Lauber, 1985).
Similarly, helicopter operations from Aberdeen, Scotland to oil field rigs in
the North Sea were studied by having 32 participant-pilots wear portable
biomedical monitors that measured heart rate, body core (rectal) temperature,
and activity of the non-dominant wrist. Logs were kept of sleep timing and
quality, food and fluid intake, medications taken , and medical symptoms;
participants also rated their fatigue and mood every 2 hours while awake. Fourand 5-day trips with early on-duty times obliged the participants to wake 1 1/2
hours earlier on trip days than on pre-trip days. Observations listed were: (a)
increasing negative mood with increasing length of the duty day, (b) nearly an
hour less sleep per night on trips, (c) more self-reported fatigue on post-trip days
than on pre-trip days, and (d) fatigue and negative affect higher (and activation
lower) by the end of trip days than by the end of pre-trip days. Cumulative
effects of sleep loss, fatigue, and negative affect were considered to be not
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inconsequential with respect to the duty-related activities (Gander, Barnes, et al.,
1994).
A commercial long-haul study demonstrated that duty requirements and
local time must be considered as constraints on the time available for sleep (or
sleep opportunity time [SOT]), with the circadian system as a major physiological
modulator of sleep quality and duration. This study highlighted that the time
available for sleep, or SOT, can be considerably less than the scheduled time
off-duty for flight crews, and introduced planned napping on the flightdeck as an
important strategy in reducing the flight crew's negative psychophysiological
processes (Gander, Graeber, Connell, & Gregory, 1991 ).
Even normal, undisrupted internal rhythms can have a marked effect both
on the subjective perception of fatigue and its manifestations (i.e., performance).
Humans function better at some times of the day than others, and a lowest level
of performance tends to occur at times normally spent sleeping (i.e., during the
night). This effect occurs independently of the amount of sleep the individual
has had; it has been well documented within scientific experiments where
participants did not suffer from sleep deprivation. For example, a crewmember
on an overnight flight who has slept earlier in the day to compensate for the
anticipated lack of nighttime sleep may still experience difficulty in functioning
well in the early hours of the morning.
An overnight cargo study investigated the physiological challenges of
flying at night that are not present in comparable daytime operations. The
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checks and balances built into the aviation system (i.e., automation, flight and
duty time limitations, the Federal Aviation Regulations [FARs], etc.) do not
necessarily "recognize that human circadian physiology creates a window of
vulnerability for performance decrement around the time of the circadian
temperature minimum, which is exacerbated when combined with sleep loss"
(Gander, Gregory, et al., 1996, p. 40). The conclusions further mentioned the
sleep difficulties associated with finishing a duty period at 0700 local time (the
"redeye"), gastrointestinal problems, and the personal countermeasures of diet,
caffeine, and napping.

Ancillary Studies
The 1989 work of Lehrer, Erickson, & Gilson addressed several of these
issues in an air carrier pilot stress research report. A table of the "Personal
Stressful Situation Survey Results by Rank and Mean" ranked these issues as:
(a) first, "Flying 'red eye' flights" with a mean of 3.012; (b) second, "Not getting
sufficient rest the night before a flight" with a mean of 2.926; and (c) third, "Not
getting enough rest the night before a flight" with a mean of 2.856 (pp. 3-20). The
mean of the means for the survey's 53 stressful situation items was reported as
2.456 (a five-point scale from "little or no stress" to "maximum stress"). The item
"Not getting enough exercise" ranked eleventh, with a mean of 2.080.
A study of international flight crew fatigue and the aspects of lifestyle and
nutrition by Richard Cornell (1991) indicated that diets are less than optimal. In
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addressing exercise, it was determined that performance on a portable cognitive
test was enhanced by exercise. This finding had also been discussed in the
report by Ribak et al., that referred to "moderate exercise, which undoubtedly
effects metabolic levels" affecting "the oscillatory pattern of the [performance]
rhythm" (1983, p. 1099).
The FAA's rules concerning permissible flight crew duty times were taken
to task by the NTSB in a recent aircraft accident report (NTSB, 1994) which
labeled crew fatigue as the probable cause, the first such citing in the history of
the Board. With Mark Rosekind serving as an expert witness at the hearing, it
was concluded that none of the three crewmembers had received a normal level
of sleep in the days before the accident. Crew fatigue (a result of crew
scheduling practices) was determined to have impaired the crew's judgment,
decision making, and motor skills; fatigue-induced crew complacency resulted in
the deterioration of situation awareness.
This contrasted sharply with findings in the 1978 Pacific Southwest
Airlines accident (NTSB, 1979a), where the flight crew's sleep loss due to poor
scheduling was severely questioned, but not cited as contributory. In general,
issues of crew fatigue prior to the aforementioned 1993 American International
Airways accident (NTSB, 1994) at Guantanamo Bay had been treated as
described by John Lauber, a former Ames researcher, and later Chairman of the
NTSB:
One of the most perplexing problems our accident investigators face is
how to determine what role, if any, fatigue played in a specific accident.
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Unlike metal fatigue, human fatigue generally leaves no telltale signs, and
we can only infer its presence from circumstantial evidence .... Virtually
always, an attempt is made to reconstruct the on-duty/off-duty/rest/sleep/
wake history of the key operational personnel involved in an accident. ...
frequently, what we find is ambiguous, inconclusive, and I'm sure in some
cases, downright misleading. As a result, the true incidence of fatigue as
a causal or contributory factor is largely unknown. (Lauber & Kayten,
1988, pp. 503-504) - - - -

Napping
The restorative process of napping can take place not only in off-duty
periods, but during flight. While doing so has been officially prohibited by the
FAA, there is now some argument that it may be better to schedule nap periods
deliberately than to allow sleep to occur spontaneously and unpredictably (as
has been supported by anecdotal evidence). Research indicates that flightdeck
naps can have a beneficial effect upon subsequent crew performance; brief,
scheduled naps (of 40 minutes' duration) have improved flight crew alertness, as
measured by reaction time testing as well as by brain wave (EEG) and eye
movement (EOG) activity (Graeber, 1986).
As a result of the 1980s alertness research and a 1990s NASA long-haul
study (Rosekind et al., 1993), the following planned napping guidelines are
among the NASA recommended fatigue countermeasures:
1. Naps should be planned rather than spontaneous, allowing them to be
integrated into the flight operation as a whole.

2. The establishment of a rotation schedule should ensure that only one
crewmember sleeps at any given time.
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3. Naps should be scheduled during low workload portions of the flight
and terminate well before the beginning of descent.
4. Naps limited to 45 minutes will inhibit sleep inertia (grogginess and
cognitive disorientation upon awakening); a post-nap recovery period should
occur before the crewmember is briefed and resumes duties.
A number of recent articles support the implementation of "prophylactic"
napping (e. g., Bonnet, 1990; Dinges et al., 1987; Schweitzer, Muehlbach, &
Walsh, 1992). The Dinges et al. paper appears to have been the first to utilize
the term, prophylactic naps (naps taken before sleep deprivation). Both the
Bonnet and the Schweitzer et al. articles addressed shift work, with the former
describing napping in conjunction with exercise for improved performance; the
latter study related performance improvement to the combination of napping and
the judicious administration of caffeine.
A 1991 study by Michael Bonnet reported on prophylactic nap conditions
of 0, 2, 4, and 8 hours. These times appear rather long in comparison to the
naps described by NASA Ames and a U.S. naval aviators checklist describing
strategic napping. Four of the main points of the Navy checklist are: (a) 10
minutes is the minimal effective nap duration; (b) short naps are not to exceed 30
minutes; (c) long naps are to last 1.5 to 2 hours; and (d) optimal times to initiate
napping are between 1200-1500 and within 2 hours after normal bedtime
(Shappell & Wiegmann, 1996). (Both the NASA and the Navy recommendations
for napping express concern for sleep inertia effects just after waking.)

46

Pharmacology
Further sleep laboratory research found that a group of subjects to whom
caffeine was administered maintained baseline performance levels during sleep
deprivation, while performance for those receiving a placebo declined. Also, a
group that was given the combination of a prophylactic nap and caffeine was
able to maintain alertness and performance at very close to baseline levels
throughout a 24 hour period without sleep (Bonnet & Arand, 1994.) Within the
same group of researchers, it was later demonstrated that shorter prophylactic
naps and small repetitive doses of caffeine maintained performance, mood, and
alertness during sleep loss significantly better than no naps or large single doses
of caffeine (Bonnet, Gomez, Wirth, & Arand, 1995).
When caffeine is ingested late in a night time duty period, the result is
often deleterious effects on daytime sleep; caffeine also may not be appropriate
for some individuals in terms of gastrointestinal discomfort. Although caffeine is
a readily available stimulant, chronic use of the drug can result in development of
tolerance to its alerting effects.

Amphetamines
Thus caffeine was not the most desirable drug for U.S. military flight crews
that needed a CNS stimulant during Persian Gulf operations in the early 1990s.
Sun Tzu (circa 300 B. C.) has been credited with the following advice: "The one
who first knows the measures of far and near travel wins -- this is the rule of
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armed struggle." Accordingly, amphetamines were provided to the flight crews of
Desert Shield and Desert Storm, and a follow-up survey was administered:
most amphetamine use was described as "occasional" .... findings from
this survey support the use of dextroamphetamine in military aviators
during critical stages of flight, especially when the aviator feels fatigued.
Tactical Air Command e~erience related to the Desert Shield/Storm
deployment and comb-a t operations demonstrated dextroamphetamine to
be a safe and effective medication which improved aircrew cockpit
performance and enhanced flight safety. (Emonson & Vanderbeek, 1995,
p. 263)
Similarly, the Naval Aerospace Medical Research Laboratory has studied the
usage of methamphetamines for sustained operations (a U.S. Army term for
continuous combat with no opportunity to sleep). Wiegmann, Stanny, McKay,
Neri, and McCardie (1996) reported the dominant effect of methamphetamine
treatment to be an increase in vigilance efficiency.
The U.S. Army Aeromedical Research Laboratory recently reported that
Dexedrine® effectively sustained performance, alertness, and mood among six
female helicopter pilots who were sleep deprived. The findings reported no
problematic side effects and were termed "relevant for military aviators and other
personnel who may be required to fly missions while they are suffering from
significant fatigue and sleepiness" (Caldwell, Caldwell, & Crowley, 1997, p. 35).
The amphetamines stimulate the CNS, generally increasing heart rate and
blood pressure, and are not permissible for usage by U.S. air carrier flight
crewmembers. However, the results of a closely related study by the Naval
Aerospace Medical Research Laboratory suggested that tyrosine (a large neutral
amino acid found in dietary proteins) is "a relatively benign substance that might
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prove useful in counteracting performance decrements during episodes of
sustained, stressful work coupled with sleep loss" (Neri et al., 1995, p. 318).
Further investigation of the effects of tyrosine administration was recommended.

Benzodiazepines and Other Sedatives
Antihistamines are common within most of the current over-the-counter
sleeping aids. The antihistamines' side effects of drowsiness and reduced
alertness create an undesirability for their usage by flight crewmembers without a
lengthy time period for absorption between administration and duty. Because
"benzodiazepines appear to reliably increase total sleep time and decrease
awakenings during daytime sleep" (Walsh, 1990, p. 238), they have generated
considerable interest in ameliorating sleepiness in the transportation industry, in
general. (Their legality with respect to the FARs and random drug testing for
transportation workers has not been clearly defined.)
A 1984 study by Seidel et al., reported the long-acting benzodiazepine,
flaurzepam, improve daytime sleep patterns after a 12 hour sleep/wake phase
reversal. Triazalom, another benzodiazepine, was also reported upon in the
1984 study as a short-acting sedative that produced sleep improvement without
the effects of residual sedation. Accordingly, for pharmacological control of the
circadian rhythms, the short-acting triazalom has been the most frequently
studied benzodiazepine for shift workers (Walsh, Muehl bach, & Schweitzer,
1984; Walsh, Schweitzer, et al., 1991; Walsh, Sugerman, et al., 1988).
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Alcohol, at socially acceptable levels, is commonly believed to be a good
agent for inducing sleep. However, due to the rapid metabolism of alcohol and
the subsequent arousal of the sympathetic nervous system, it has been shown
that alcohol is generally disruptive of sleep. In general, scientific studies of
tryptophan, a non-prescription amino acid that gained some popularity as a sleep
aid, found no increase in total sleep time (Walsh, 1990). {Tryptophan has been
withdrawn from the market due to severe impurities.)

Melatonin
Melatonin is a hormone that is produced by the pineal gland during the
dark hours of the day that has demonstrated promise for the pharmacological
manipulation of circadian rhythms. The retinal connection (optic nerve) to the
SCN (located within the hypothalamus) sends a light signal to the SCN which
then sends a chemical signal (the neurotransmitter, norepinephrine) to the pineal
gland to produce melatonin. Within a desynchronized human, (i.e., the sunlight
from the outside world is not synchronized with BCT) no signals flow and no
melatonin is produced. Nevertheless, approximately 12 hours after the bright
light has shut down the secretion of melatonin, the SCN will again send its signal
to the pineal gland.
Although discovered in 1958, it was not until the 1980s that melatonin's
relationship to human circadian rhythms was first investigated (Arendt et al.,
1987). In the early 1990s, a significant, long-term program of melatonin study
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directed by Robert Sack and Robert Lewy at Oregon Health Sciences University
in Portland was the first to demonstrate that melatonin delayed circadian rhythms
when taken in the morning and advanced them when administered in the
afternoon or early evening. In other words, melatonin's effect on the human was
the opposite of the BCT effect exerted by the SCN; melatonin helped to convince
the subjects that it was okay to sleep during local daytime hours (Lewy, Ahmed,
Latham Jackson, & Sack, 1992).
Within current literature, studies of both hypnotic (Tzischinsky & Lavie,
1994) and chronobiotic (Comperatore, Lieberman, Kirby, Adams, & Crowley,
1996) effects of pharmacological doses of melatonin are not uncommon. The
latter study was an investigation of the efficacy of U.S. Army volunteers during a
deployment to the Middle East. Its findings appeared to support those of the
former study:
that melatonin therapy may be effective in the treatment or prevention of
sleep disorders involving premature wakening or insomnia. Further, the
potential use of melatonin during conditions characteristic of military
deployments may significantly facilitate the implementation of sleep
management plans in the process of readaptation to new work schedules
and time zones. (p. 524)
Interestingly, all melatonin studies to date appear to have used a relatively small
number of subjects (6 to 36).

Bright Light
In 1980 it was reported by Lewy, Wehr, Goodwin, Newsome, & Markey
that subjects exposed to bright light (2500 lux) had their secretion of melatonin
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suppressed. Czeisler et al. (1989) reported that resetting of the human circadian
pacemaker with bright light "may prove to be important for understanding and
effectively treating disorders of circadian regulation" (p. 1331 ). Today, it is
common knowledge (Rae, 1994) that NASA routinely utilizes bright lights to align
the circadian rhythms of astronauts prior to nocturnal launch schedules. With
research ongoing, questions remain as to how bright light, and what levels of
exposure, relate to other real-world applications (Thessing, Anch, Muehlbach,
Schweitzer, & Walsh, 1994 ).

Catastrophes
Many articles review three of the most famous disasters of modern times:
the nuclear accidents at Three Mile Island and Chernobyl, and the failed space
launch of the Challenger, all of which occurred in a 7-year span from 1979.to
1986. Technological failures and high-level policy decisions affected by fatigue
factors appear to have been related to all three. In late 1986, a review of these
accidents, and others, by a committee of six scientists was initiated. They
reported, in addition to mentioning health considerations for individuals, that a
period from 0100 to approximately 0800 constituted a time span within the
24-hour day during which human performance accidents were far more likely to
occur. The afternoon period of 1400 to 1800 was recognized as "a secondary
and less pronounced zone of vulnerability." The committee also recognized "that
inadequate sleep, even as little as 1 or 2 h less than usual sleep, can greatly
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exaggerate the tendency for error during the time zones of vulnerability" (Mitler et
al., 1988, p. 107).
Similar nuclear incidents, approaching meltdown during the early morning
hours, at the Davis-Besse reactor in Ohio and the Rancho Seco reactor in
California had occurred in 1985. In the surface transportation industry, the 1988
to 1990 period was witness to four freight train accidents, each of which had the
irregular crew work schedules cited as the probable cause (Tepas, 1994). The
maritime industry was not to be outdone; in 1989 two major groundings of oil
tankers occurred, accompanied by catastrophic spills. Among the causes for the
Exxon Valdez running aground in Prince William Sound, Alaska was a fatigued
third mate who was steering the ship (NTSB, 1990). The NTSB (1991) cited the
acute fatigue of the master, impairing his judgment, as the probable cause for
the grounding of the World Prodigy off the coast of Rhode Island. In a real-world
study, Roger Rosa and Michael Bonnet (1993) noted that 24-hour industrial plant
settings can also create the possibility of decrements in worker performance with
extended shifts.

Education and Training
An early 1980s survey of 24-hour production facilities at four plants with a
combined 2,340 workers proposed
an educational program for workers which includes an explanation of how
the new system works, a rationale for why the system was selected, and
suggestions as to how individual workers might best cope with the social
and health factors associated with shift work. (Tepas et al., 1985, p.676)
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Educational programs were also proposed by the catastrophe committee of
Mitler et al. (1988) and the transportation system accidents review by Lauber and
Kayten (1988).
A hierarchy of principles for an educational program for shiftworkers has
been proposed by Donald Tepas (1993). The following seven principles have
been described as educational or training material "whereby information is
developed, learned, and used" (p. 200). Tepas stressed the learning and using
of information as opposed to the mere dissemination of information that is typical
of earlier reviewed documents. The design of educational programs for fatigue
in aviation curricula, with flight crew work patterns recognized as a specialized
shift work, might utilize these seven principles:
1. Relevance: The material must be specifically relevant to the setting,
and more than "good hygiene, common sense, and prejudiced opinion" (p. 201 ).
2. Practicality: Because "the traditional diurnal period of activity" is often
not the case within 24-hour operations, the educational recommendations "must
be both practical and socially acceptable" within the system application (p. 201 ).
3. Limited in number: To be remembered and used, the number of seven
plus or minus two recommendations should be taught in line with the classic limit
of human capacity for processing of information (Miller, 1956).
4. A significant investment in time: It is to be expected that considerable
difficulty will be encountered in changing adult human behavior. Effecting these
changes will not be a short-term prospect.
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5. No substitute: Educational programs should not be a substitute for the
needed improvement in work scheduling policies and practices.
6. Supplement: The educational programs should only be practiced when
they supplement ongoing changes and improvements in work patterns.

7. Evaluation: The face validity of education and training would have to
be evaluated in terms of cost-benefit, primarily from the perspective of a 24-hour
operation enhanced by additional safety margins.
The aforementioned seven guidelines could be woven with the following
eight generalizations from the NASA ETM (derived from the original trio of goals
of the Ames program and its subsequent studies):
1. Aviation is inherently an around-the-clock operation (similar to much of
today's society); fatigue countermeasures for flight crewmembers (and others)
should not inhibit the 24-hour operation.
2. Multiple day trips for flight crews could be better scheduled with the
scientific principles, enabling more optimal crew performance, mood, and
activation (perhaps, and ideally, without creating a cost burden).

3. The human body clock opts for a day in excess of 25 hours; where
possible, the scheduling of successively later wakeups will provide more optimal
sleep-wake cycles than the scheduling of successively earlier wakeups during
the multiple day trips.
4. Flight crewmembers should be scheduled to permit as much sleep per
24 hours as in a normal 24-hour period at home.
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5. Both physiologically and environmentally, not all time scheduled as
off-duty for crewmembers is available for sleep.
6. Crewmembers should understand and practice principles concerning
alcohol, medication, diet, and exercise.
7. Preplanned napping (of short duration), both pre-flight and enroute, can
optimize flight crew performance.
8. Fatigue is a constituent element of aviation (and other fields) human
factors; it should not be viewed as a junior phenomenon occasionally mediating
mainstream cognition.
Uniting university capabilities with the work of industry and government,
as advocated by a NASA Ames scientist, should result in vital contributions to
national education and training needs in aviation human factors (Dismukes,
1994 ). Purposes of the universities have been delineated by Clark Kerr (1994 ):
Higher education has a great responsibility for (1) developing and making
available new ideas and new technology, (2) finding and training talent
and guiding it to greater usefulness, and (3) generally enhancing the
information, the understanding, and the cultural appreciation and
opportunities of the public at large. (p. 195)
A resultant collaborative concept has been evidenced in some of the most
current fatigue-sleep-napping work completed by the Fatigue Countermeasures
Program of NASA Ames and David Dinges of the University of Pennsylvania
School of Medicine (Rosekind et al., 1993).
The 1995 National Fatigue Symposium's.sponsors (the NTSB and the
NASA Ames Fatigue Countermeasures group) program was complemented by
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presentations from several noted university scientists: David Dinges and Allan
Pack from the University of Pennsylvania, Charles Czeisler from Harvard
University, and William Dement from Stanford University. Among conclusions
from the symposium's working groups were the following comments concerning
education and fatigue:
1. From the two aviation working groups: "Education for all personnel was
critical to the effectiveness of countermeasures" (NTSB, 1996, p. 92) and
"Education is the most basic countermeasure for fatigue" (pp. 93 and 94 ).
2. From the rail working group: "Addressing fatigue through education
and training was deemed essential and was considered a win-win proposition for
labor and management, improving safety and productivity for each" (p. 96); and
"Training must be based on science with practical solutions" (p. 97).
3. From the highway working group: "Society needs to undergo major
attitudinal changes towards driving when fatigued, similar to that experienced
with drunk driving. Some promising efforts have been made in the area of
education, such as the WAKE UP! brochure developed by the AAA Foundation
and the American Trucking Associations" (p. 100).
4. From the marine working group: "Currently, there is only a modest
amount of education being conducted on fatigue and fatigue countermeasures"
(p. 102).
5. From the pipeline working group: "Education on fatigue issues is scant.
There is some abstract concern about fatigue by senior management and
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supervisors, however that concern is not necessarily directed to operational
concerns" (p. 104 ).
Another collaborative effort is in place at Purdue University, where a
national center for the academic/industrial sharing of aviation human factors
resources (e.g., air carrier CRM videotapes) has been in development. Also, a
recent FAA (1996) human factors report, "The Interfaces Between Flightcrews
and Modern Flight Deck Systems," utilized three expert technical advisors from
academia: Robert Helmreich from the University of Texas, Nadine Sarter from
the University of Illinois, and David Woods from the Ohio State University.
In response to the need for long endurance flight operations, the U.S. Air
Force has developed a fatigue presentation, accompanied by a handout, for its
crews (Storm, 1994 ). It is titled "Aircrew Fatigue Management During Long
Duration Missions" and details some background for, effects of, symptoms of,
and the countermeasures for fatigue that the long-range bomber and transport
crews might encounter. The training presentation and handout appears to be
more comprehensive than the aforementioned U.S. Navy checklist, however
somewhat less detailed than the NASA ETM.
Prior to transferring to the NASA Ames program, Mark Rosekind was part
of a Stanford team that surveyed U.S. medical schools concerning physician
education and sleep medicine. The researchers concluded that "Clearly, a
greater emphasis on the topic is needed in both medical school and residency
training" (Rosen, Rosekind, Rosevear, Cole, & Dement, 1993, p. 254). In the

58

field of human medical care, with its 130 hour work weeks and shifts of 16 hours,
or more, there appears to be little respect for fatigue (Moore-Ede, 1993). This
problem is currently under initial investigation by Robert Helmreich, who directs
the NASA/University of Texas/FAA Aerospace Crew Research Project in Austin
(e.g., two early papers in press are titled "Jumpseating in the Operating Room"
and "Interpersonal Human Factors in the Operating Theatre").

Summary
The literature is in accord with the perceived problematic situation of
human fatigue within the 24-hour operations of aviation. As the decade of the
1990s continues to focus on the most complex structure in the known universe
(the human brain), any boundaries previously existing between the fields of
learning, chronobiology, sleep research, human factors, etc., will continue to be
obscured. Thereby, the need, the opportunity, and the timing for the education
and training of fatigue and its associated concepts within aviation curricula may
be provided.
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CHAPTER Ill
METHODS AND PROCEDURES

This descriptive study was set within the field of U.S. aviation during a
timeframe of approximately one year, beginning with the Spring of 1996 and
ending during the Spring of 1997. The NASA Ames Research Center's Fatigue
Countermeasures Group had introduced the developing ETM by implementing
2-day fatigue workshops since December 1993. (Currently, NASA is hosting
several of these workshops per year.) Also, a multimodal transportation fatigue
symposium had been hosted by the NTSB and NASA Ames in November 1995.
With these two events as a basis, a field study was initiated in the Spring of 1996
to determine the saliency of the education and training of human fatigue as
content within U.S. aviation curricula. A 90.9% return rate of the field study's
mail questionnaire confirmed a high saliency for this perceived difficulty, and the
methodology and procedures for a more discriminating study were designed.

Methods
After reporting the results of the Spring 1996 field study, the design of this
study involved an expansion of methodology with more controls. The methods
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section consists of a description of the design changes with respect to subjects
and their selection, and the development of a validated instrument that occurred
during the Fall of 1996.

Subjects
The determination of human fatigue as an operational consideration on
U.S. air carrier flightdecks and the existence of human fatigue as content within
the U.S. aviation curricula was determined by mail survey of three groups of
subjects. The three groups selected were (a) those individuals involved with
aviation higher education, (b) those individuals involved with air carrier training
and management, and (c) air carrier line captains. The groups from higher
education and training were instrumental in the development and teaching of the
fatigue content. Line captains, in addition to being representative of the
prospective learners, were highly experienced (and cognizant of personal
limitations) in the cognitive flexibility required by fatigued states.
The total number of individuals teaching or involved-with aviation human
factors within the U.S. aviation higher education field was approximated at 200.
For air carrier training/management, it was estimated that 100 individuals were
involved/familiar-with human factors. Air carrier line pilots represented by ALPA
numbered greater than 43,000 (Roberts, 1997). Total U.S. air carrier pilots were
estimated at greater than 55,000, with more than 20,000 line captains, when the
members of non-ALP A unions at American Airlines, Southwest Airlines, and
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United Parcel Service (along with the non-union carrier pilots) were added. The
total number of subjects chosen to represent the three groups was 300: (a) 50
from the aviation higher education group, (b) 50 from the air carrier training and
management group, and (c) 200 from the air carrier line captain group.

The Instrument
Some modification was necessary to the demographic items from the field
study, as it had surveyed a selection of individuals within U.S. aviation higher
education, research, regulation, training, and/or operations who were known to
the researcher. The somewhat modified demographic items, numbers 23-29,
were placed at the bottom of the instrument's third page -- similar to their location
in the field study's questionnaire. Utilization of a four page, single-fold 8 1/2 x 17
inches pastel blue sheet of paper similar to that of the field study again allowed
for the fourth (back) page for comments from the subjects. With the cover letter
designed and enclosed on a separate piece of paper (whereas it had been the
first page of the field survey for follow-up purposes), a little more than two pages
were available for the introduction, explanations, and items that requested the
opinions of the subjects.
Again, as an introductory item, each subject had a choice of the definition
of fatigue to be used as a framework during completion of the opinion items.
The self-composed definition had not proved popular in the field study; that
option was, consequently, deleted. Two additional definitions of fatigue were
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provided to present a total of four choices for the first question. The number of
Likert scale (six points, from "strongly disagree" to "strongly agree") items was
expanded from 15 to 21, and were questions 2 through 22. Items numbered 23
through 29 were the demographic questions.
The research questions for this study asked: (a) Within the U.S. field of
aviation, are issues of human fatigue professionally perceived as a problem on
the flightdecks of commercial air carriers? and (b) Are issues associated with
human fatigue being taught within the U.S. aviation education/training curricula?
The items within the field study had face validity only, concerning the need for
human fatigue content within the education and training curricula.
To improve the psychometric properties of the final instrument, a panel of
experts was chosen for their expertise concerning human fatigue within aviation.
Three experts (David Dinges of the University of Pennsylvania representing the
higher education group, Howard Bell of Northwest Airlines representing the air
carrier training and management group, and Bill Edmunds of ALPA representing
the air carrier line captains) agreed to review the Likert scale items for their
content validity and internal consistency reliability.
With the input of the experts, the opinion items of the instrument were
designed to measure the research questions concerning the perceived fatigue
problem and education thereof in a valid, reliable manner. The instrument was in
its final form during the first week of November 1996. (The instrument in its
entirety, including a revision, is Appendix B of this text.)
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Procedures
Several sources were available for the names and addresses of subjects
within the group of aviation higher educators. The 50 subjects were chosen in a
somewhat random manner from educators: (a) within the membership lists of the
University Aviation Association and the Council on Aviation Accreditation and (b)
within a list of individuals involved with the education/training of aviation human
factors being developed at Purdue University for the sharing of CRM materials
and other aviation human factors resources.
In a similar manner, 50 subjects representing the air carrier training and
management group were somewhat randomly chosen from the following: (a) the
Purdue University aviation human factors list; (b) the Council on Aviation and
Accreditation list; (c) the 1995-1996 Human Factors and Ergonomics Society
Directory and Yearbook; (d) the list of the 1995 National Fatigue Symposium
participants; and (e) the list of attendees at the 1996 Advanced Qualification
Program (a 1990s modification to air carrier training) working group meeting.
For bias control, none of the subjects chosen for the three groups was
affiliated with the higher education institution of the researcher or the air carrier
that employed the researcher. A list of 200 active line captains, subject to the
aforementioned exclusivity, was randomly furnished by ALPA. For reasons of
security, the ALPA list was not available to the researcher. The sealed and
posted survey packets were delivered to ALPA headquarters in Virginia. ALPA
personnel then generated the mailing labels from their list, attached the labels to
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the packets, and delivered the stamped, labeled packets to the U.S. Post Office
for mailing.
During the last week of November 1996, the survey packets had been
completed. Each packet consisted of a heavy duty, brown, 9 x 12 inches clasp
envelope containing an individually addressed cover letter, one instrument, and
a self-addressed, stamped envelope for the return of the instrument (completed,
or, as requested, uncompleted). The 100 packets for the groups of aviation
higher education and air carrier training subjects were mailed from Florida. The
200 packets for the group of air carrier line captains were placed in one box and
express-shipped to ALPA headquarters in Virginia. During the first week of
December 1996, all of the surveys were presumed to have been mailed, with a
desired return cutoff date of December 31, 1996 mentioned in the accompanying
cover letter. (A copy of the cover letter is within Appendix B of this text.)
Due to the approximately 2 weeks of holidays influencing the subjects
during the month of December, a cutoff date of mid-January 1997 became more
plausible. By mid-January 1997, the return rates for the three groups were as
follows: (a) The educator group had returned 35 of 49
carrier training/management return was 23 of 48
line captains had returned only 3 of 200

=71.4%; (b) the air

=47.9%; and (c) the air carrier

=1.5%.

Such an extremely low return rate from the air carrier line captains group
was problematic; it was generally unacceptable and had to be addressed. In late
January 1997, Bill Edmunds of ALPA was queried as to the availability of the
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mailing list for the line captains; he stated that the list had not been retained, and
further replied:
The address list for the survey was generated by review of the ALPA pilot
data base and selection of active captains at all airlines except ... [the
researcher's employer] on a somewhat random basis. The address list
was then used by the printing and mailing department to put labels on the
envelopes. It is possible, although I don't think very probable, that there
was a mechanical problem that prevented the addresses from getting
properly posted onto the envelopes.
The letters are carried by an ALPA employee from the print shop directly
to the post office. It is possible that some or part of the shipment was
either not delivered, lost en route, or lost by the post office. There have
been some instances in the last several years where mail delivered to a
post office in this area has lost a large mailing. In fact, our Church
experienced that problem with a large mailing. That was not the particular
post office our office uses, however.
I have just been informed by one of our committee chairmen that a mailing
that went out last month was not received by the pilots. I have not had a
chance yet to track down the cause of this problem. I sent out a second
mailing and the pilots I have talked to had not received the second mailing
either.
In terms of a mechanical problem, at least some of the line captain surveys had
been mailed, as three had been returned . Furthermore, the (non)respondents
for all three groups had been encouraged to return-mail the uncompleted survey
if they chose not to complete the survey; one blank survey had been returned in
this manner.
Psychologically, the instrument may have appeared threatening to the line
captains. More ground school time for the line captains may have been implied,
and the items within did not address the flight and duty time limitations . These
issues were also mentioned by Bill Edmunds:
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Sometimes, we have a problem with pilot apathy. That is a possibility
here. That may be especially true if they perceive that the FAA will be
using the information to develop a training program on pilot fatigue. Pilots
in general are very wary of interaction with the FAA. Pilots may have the
perception that any sort of training program will be a waste of time and
they already know how to best combat fatigue: That would be with better
flight and duty regulations.
The FAA has an a dive rulemaking in progress on this issue. The
comment period on notice of proposed rulemaking 95-18 closed on June
19, 1996 and the FAA has yet to publish anything in response to it.
Somewhat in agreement with the above factors mentioned by Bill Edmunds, a
subset of flightdeck crewmembers had been found to react negatively to CRM
training (Helmreich & Wilhelm, 1989). Additionally, one of the three line captain
respondents had commented as follows with respect to item numbers 18 and 20,
concerning teaching and FAA regulation of fatigue issues:
I'm not sure what could be taught here. I think most causes of fatigue and
its countermeasures are intuitive. Certainly the FAA should not be
involved in requiring this education. That is a prescription for unrealistic
demands and expectations. The FAA's role should be to regulate duty
times, etc. to minimize fatigue. Education is only a bandaid.

Additional Data
By the end of February 1997 it was decided to obtain data from another
group of professional pilots. The instructor pilots of a professional (and very
cooperative) training organization in Florida, the COMAIR Academy, were
available and were chosen by the researcher. This incidental sample of general
aviation instructor pilots provided individuals at the beginning of professional
careers, and was viewed as a group that would eventually progress to the
flightdecks of the air carriers. With the career paths in mind, these subjects
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would also be prospective learners within education and training settings of
fatigue content. This group's experience with issues of human fatigue during
working conditions to date was considered to be present, albeit somewhat
different than fatigue factors in the work patterns of the air carrier line captains.
The instrument required modification of only one item to accommodate
this fourth group. A fourth descriptive choice of general aviation instructor pilot
was added to item 23, which presented the categories (or groups) for choice by
the subject. The surveys were personally administered by the researcher during
a series of meetings that occurred the first week of March 1997. (The subjects
were instructed to attempt to complete the survey from the perspective of being a
future air carrier crewmember.) An additional 58 respondents to the survey were
obtained as a group representative of professional pilots. With the deletion of
the data from the three air carrier line captains, the quantitative data set became
116 cases (total for the three remaining groups) with 31 variables (the 29 original
items and the modification of some flight time and type classifications).

Data Analysis
Within the data set were 21 items that sought the opinions of the subjects.
The inferential statistical technique of factor analysis (FA) was applied to these
21 questions (hereinafter referred to as variables) to: (a) examine patterns of
correlation among them and (b) reduce the 21 variables to a subset of factors
reflecting the latent relationships that were responsible for correlations among
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the variables. Eight factors were produced representing 8 constructs underlying
the 21 variables concerning U.S. air carrier crew fatigue: (a) as a professionally
perceived problem and (b) as content within aviation curricula. Statistically, the 8
factors, themselves, became normally distributed variables within the data set,
enabling the analysis of variance about the means of the factor scores for the
three groups of professional subjects (Tabachnick & Fidell, 1996).
Instances of subjects not responding to a survey item have resulted in
missing values within the data set, or cases with missing values. During the data
analysis, cases with missing values for any of the variables named have been
omitted (listwise deletion) from the analysis. Likewise, the term "eigenvalue" has
been utilized throughout the FA discussion. The eigenvalues are representative
of variance, with the term having derived from matrix algebra. In the ensuing FA
procedure, highly correlated variables (a large degree of common variance) with
each other formed a factor; had any variables not been correlated with each
other, they would have formed separate factors.
In addition to the quantitative support of the current status of human
fatigue within U.S. aviation, and its curricula, a set of qualitative remarks (data)
have been collected from the comments sections of the instruments. Chapter IV
of this text, the Analysis of Data, addresses quantitative results of the research.
A table displaying a limited amount of the qualitative data has been developed
and is within Chapter V of this text, the Conclusions and Recommendations.
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CHAPTER IV
--- ANALYSIS OF DATA

The quantitative data set resulting from the three groups' (aviation higher
education, air carrier training/management, and the COMAIR general aviation
instructor pilots) completed surveys was analyzed with the Statistical Package
for the Social Sciences (SPSS) in a personal computer. The data set totaled
116 cases: 35 from aviation higher education, 23 from air carrier training, and 58
from the COMA IR general aviation instructors.
The instrument (see appendix B) provided three types of questions for the
subjects, ordered as follows. The first was the multiple choice item referencing
the definition of fatigue. This choice of the definition of fatigue prefaced a set of
21 questions seeking the opinions of the subjects on a six-point Likert scale
(from strongly disagree to strongly agree). Each of the 21 scale questions
addressed issues of human fatigue, aviation curricula, human error/safety, or a
combination thereof. Demographic questions comprised the third and last set of
8 items, followed by a page for qualitative comments.
The gender variable is reported by percentage only, whereas the bulk of
the demographic items have been analyzed by a comparison of means. The
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chi-square goodness-of-fit test has been selected as best for the distributions of
the definitions of fatigue. A decision concerning both comprehensiveness and
parsimony, coupled with the interestingness and credibility of a principled
statistical argument, has resulted in a factor analysis for the 21 scale items.

Demographics
As is customary, a summarization of the demographic variables launches
the analysis of the data. The dichotomous gender variable has been tabulated in
Table 6, with the percentages of females within each group. (Each group's "n"
and % has also been tabulated.) The number of female subjects was less than
10% for the 116 cases, with no female subjects in the air carrier training group.
Furthermore, deletion of the air carrier line captains group effected an incongruity
for the demographic variables describing types of flight time (e.g. , other flight
Table 6
Female Subjects and Percentages for Three Groups
Categorical
Groups

Number of Female
Subjects and (%)

Number of Subjects by
Group and (% of Total)

Aviation
Higher Education

6 (17.1)

35 (30.2)

Air Carrier
Training

0 (0.0)

23 (19.8)

General Aviation
Flight Instructors

4 (6.9)

58 (50.0)

10 (8.6)

116 (100.0)

Group Totals
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time, air carrier flight time and its FAR type); thus, these demographic variables
have not received further consideration.
A group means comparison, with parenthesized standard deviations, of
the five remaining demographic variables is presented within Table 7. Missing
case values (excluded listwise by option within SPSS ) from these five variables
were as follows:
1. Two cases were missing from the higher education group (n=33).
2. One case was missing from the air carrier training group (n=22).
3. Eight cases were missing from the instructor pilots group (n=50).

Table 7
Means Comparison of Five Demographic Variables

Categorical
Groups

Chronological
Age
in Years

Formal
Education
in Years

Military Flight
Time
Hours

Total Flight
Time
Hours

Aviation
Experience
in Years

Aviation
Higher Ed .
(n=33)

47.58
(9.30)

19.42
(1.52)

1264.39
(2737.32)

3511.21
(3705.90)

21.83
(8.19}

Air Carrier
Training
(n=22)

44.45
(6 .71)

17.18
(1 .56)

904.55
(1448.64)

6907.95
(6060.27)

21 .77
(7.08)

General Av.
Fit. Instructs.
(n=50)

28.72
(5.21)

15.54
(1.47)

72.00
(383.35)

734.68
(537.83)

5.88
(3.89)

Inspection and SPSS analysis of Table 7 yielded group differences and
two heavily-positive skewed distributions -- for the variables "Military Flight Time"
and Total Flight Time." The range totals in flight hours for these two variables
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were, respectively, "0" to "12,500" and "0" to "24,000." (Log transformations of
the data reduced the positive skewness of the distributions, and the derived plots
approximated the normal curve.)

Group Demographic Differences
Utilizing a one-way analysis of variance (AN OVA), post hoc pairwise
multiple comparisons tested the difference between each pair of means for the
five variables in Table 7. The SPSS modified least-significant differences (LSD)
procedure (also referred to as Bonferroni corrected t-tests) found the following
significantly different group means at an alpha level of 0.05.

Chronological Age
With respect to the mean age in years, as might be expected, the general
aviation flight instructors were significantly younger than those individuals in both
higher education and air carrier training. There was no significant difference
between the mean ages of the aviation higher education group and the air carrier
training/management group.

Years of Formal Education
The general aviation instructors also had significantly fewer years of
formal education than the other two groups, averaging approximately 1/2 year
less than the classic 16-year baccalaureate. Additionally, aviation higher
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education individuals averaged greater than 2 years (2.24) more formal
education than the air carrier group, which was statistically significant.

Military Flight Time
The aviation higher education group averaged the greatest number of
military flight hours (1 ,264.39). Intuitively, this mean was significantly greater
than the military flight hours mean for the general aviation instructor pilots. In the
pairwise comparisons for the means of the three groups (with the highly-positive
skewed distribution), no other significant differences were found.

Total Flight Time
The air carrier training group had the highest mean of total flight hours
(6,907.95). This mean amount of flight time was significantly greater than that of
both the higher education group and the instructor pilot group. The total flight
hours mean for the higher education group (3,511.21) was also significantly
greater than that of the general aviation instructors (734.68).

Years of Aviation Experience
The mean number of years-affiliated-with the field of aviation for the flight
instructor group was significantly less than that for both the higher education
group and the air carrier training group. The respective means of the latter two
groups were not significantly different at 21.83 years and 21.77 years.
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The Definition of Fatigue
The instrument's first question presented four choices of the definition of
human fatigue to provide a framework for each subject to complete the opinion
items (questions 2 through 22) of the survey. (The four choices , a through d, are
to be found within Appendix B, wh ich presents the instrument in its entirety.) A
cross tabulation of the responses to question 1 is presented as Table 8, which
was analyzed with the chi-square goodness-of-fit test. The expected cell
frequencies are parenthesized within the table's four "Choice" columns. A total

Table 8
The Preferred Definitions of Fatigue

Original Table
Categorical
Groups

Choice

Choice

a

Choice
b

Aviation
Higher Ed.

7
(5.8)

Air Carrier
Training

c

Choice
d

Row
Total

4
(4.3)

7
(8.1)

13
(12.7)

(n=31)
29.0%

0
(3 .9)

0
(2.9)

7
(5.5)

14
(8.6)

{n=21)
19.6%

General Av.
Fit. Instructs.

13
(10.3)

11
(7.7)

14
(14.4)

17
(22.6)

(n=55)
51.4%

Column
Total

20
18.7%

15
14.0%

28
26.2%

44
41 .1%

107
100.0%

Compressed Groups Table
Av. Hi. Ed. &
A. C. Training

7
(9.7)

4
(7.3)

14
(13.6)

27
{21.4)

(n=52)
48.6%

General Av.
Fit. Instructs.

13
(10.3)

11
(7.7)

14
(14.4)

17
(22 .6)

(n=55)
51.4%

Column
Total

20
18.7%

15
14.0%
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28
26.2%

44
41 .1%

107
100.0%

of 9 cases are missing: 4 from aviation higher education , 2 from air carrier
training, and 3 from the COMAIR general aviation instructors.
In the original cross tabulation of the three groups there are 3 of 12 cells
(25%) with an expected frequency of less than 5. Many statistics texts warn of
inexact p values when more than 20% of the cells have an expected frequency
of less than 5. The concern is how close the sampling distribution is to the actual
chi-square distribution in the tables for the approximation to be good .
However, there is some argument to the contrary. Siegel and Castellan
state "that the 'rules of thumb' concerning small expected frequencies appear to
be somewhat arbitrary" (1988, p. 199). A professor who has taught statistics in
psychology at Yale University for more than 43 years opines the following with
regard to small expected frequencies: "but specification of what small means
depends on when and by whom the text was written" (Abelson, 1995, p. 66).
In line with the small expected frequencies argument, the two-part Table 8
was created, with the upper portion as the Original Table and the lower portion
as the Compressed Groups Table. The compression of the groups addressed
the problem of small expected cell frequencies by combining the two groups,
aviation higher education and air carrier training, into one group. This combining
of groups was justified by (a) the similarities in the demographics for the two
groups (see Table 7) and (b) the resultant similar group sizes (n=52, n=55)
achieved by the compression of the rows in the Original Table . A resultant
Compressed Groups Table has 3 degrees of freedom and at alpha=.05, the

76

critical chi-square was found to be 7.82. The calculated chi-square (3) was 7.26,
p=.064, indicating that the two groups in the Compressed Groups Table did not

differ significantly from each other in their preferences for the definition of human
fatigue. However, the preferences of the air carrier training group have been
effectively masked.
A visual inspection of the Original Table indicated no individuals within the
air carrier training group opted for choices a or b. To explain this effect, and in
line with previously explained small expected cell frequencies, a chi-square was
calculated for the three rows by four columns cross tabulation and its 6 degrees
of freedom. At alpha=.05, the critical chi-square value was found to be 12.59;
the calculated chi-square (6) was 14.58, p=.024, which allowed that there was a
significant difference in the groups' preferences for a definition of fatigue.
Within the 107 total cases of the three groups, -41% opted for choice d
among the four definitions of fatigue. This definition was preferred by the author
in Chapter I of this text; however, -59% of the 107 subjects opted for another
definition. In line with Donald Broadbent's 1979 conclusion regarding the arrival
of a fatigue test, it may be concluded "Not yet!" (p. 1288) with regard to group
concurrence on the definition of human fatigue.

Factor Analysis
The data reduction technique of factor analysis has been used to remove
the redundancy from the set of correlated scale items (variables) and represent
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these variables with a smaller set of derived variables, or factors. Alternatively,
the factor analysis procedure can be thought of as removing the duplicated
information from a set of correlated variables, or, more loosely, as the grouping
of similar variables.
Barbara Tabachnick and Linda Fidell (1996) have described factor
analysis (FA) as a statistical technique:
applied to a single set of variables where the researcher is interested in
discovering which variables in the set form coherent subsets that are
relatively independent of one another. Variables that are correlated with
one another but largely independent of other subsets of variables are
combined into factors. Factors are thought to reflect underlying processes
that have created the correlations among variables. (p. 635)
Similarly, Richard Lomax (1992) defined factor analysis (FA) as:
a data reduction technique where a set of inter-related variables is
transformed into a smaller set of linear combinations of those variables,
known as factors. These factors may or may not be correlated with one
another (depending on the type of factor rotation used) and the factors
account for the correlations (or covariances) among the variables. Thus
the procedure is correlation- or covariance-oriented. (p. 315)
The 1990s definitions and descriptions of FA briefly mention the matrix
algebra operations which are necessary for the transformation of the correlation
matrix to the factor matrix, but do not fully explain these operations. Today, the
personal computer and its statistics program perform the operations, and the
matrix algebra is typically viewed as not necessary for understanding the general
procedure of FA. A pre-computer chapter by Guilford (1954, pp. 4 70-538) has
been devoted to FA with the more fully attendant matrix algebra operations.
Charles E. Spearman's seminal paper involving mental testing and his
two-factor theory (1904) is credited with first proposing FA. The FA procedural
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developments resulted from a series of publications by Thurstone, commencing
in the 1930s and concluding with his 1947 text that detailed the rotation of
factors according to certain criteria. The resultant rotational methods are of two
general classes: (a) orthogonal, where the factors are forced to be uncorrelated;
and (b) oblique, where the factors are allowed to be correlated.

The Factor Analysis Procedure
From the SPSS data set of 116 cases, the 21 scale items, or variables,
(questions 2 through 22) were selected for an initial correlation matrix, with
missing values again deleted listwise. A resultant SPSS-generated, observed
correlation matrix is found in Appendix C (which contains several FA matrices).
For improvement of appearance, the portion of the correlation matrix above the
diagonal has been discarded; 210 correlation coefficients remain. A visual scan
of the matrix yields sets of variables that are highly correlated with one another,
suggesting that they are measuring the same underlying dimension, or factor.
(Correlation coefficient values, r, of .30 may be viewed as high because the
squared values,

r, become measures of 9% of the common variance of two

linearly related random variables.) If no correlation values had exceeded .30,
there would probably have been nothing to factor analyze.
Within the FA dialog boxes of the SPSS software menus, principal-axis
factoring was specified as the method of factor extraction, which resulted in the
series of operations employing matrix algebra being performed on the observed
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correlation matrix; for analysis of the factors, a factor correlation matrix was
specified. An optional unrotated factor solution was requested, as was the
optional scree plot (named for the similarity of the curve's tail to the stony rubble
accumulated at the base of a slope) for supporting explanation of the number of
factors chosen. Eigenvalues greater than 1, the default value, determined the
number of factors extracted (8). The default of 25 "Maximum Iterations for
Convergence" was specified as the maximum number of steps the algorithm
could take to estimate the solution.
Varimax, a variance maximizing procedure, was chosen as the method of
factor rotation. As described by Tabachnick and Fidell (1996), "The goal of
varimax rotation is to maximize the variance of factor loadings by making high
loadings higher and low ones lower for each factor" (p. 647). The output of the
rotated solution and loading plots of the first few factors were selected ; and, the
25 maximum iterations were again specified.
Each factor in the final solution was saved as a variable in the original
SPSS data set, with regression chosen as the method for calculating the factor
scores. A factor loading matrix displays the coefficients (loadings) by which
variables are multiplied to obtain factor scores, or weights, in the factor score
coefficients matrix. (Both matrices have been included within Appendix C.)
Again, the missing values were handled by choosing to exclude the cases
listwise. To ease visual scanning of the matrices, coefficients with absolute
values less then a specified amount can be optionally suppressed; the default
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value within SPSS is .1 0. (No suppression of values was selected for the
matrices in Appendix C.)
Absolute values within the matrices represent the degrees of correlations.
The presence of a "-" sign with the coefficient values in the matrices reflects the
direction of correlation, or the manner in which the question was stated; in the
determination of the factors, absolute values take on the greatest importance.

The Factor Analysis Output
The initial statistics output from SPSS includes two columns that list all
variables and their squared multiple correlations (labeled communalities), which
are used to assess multicollinearity and singularity. If any of the communalities
is one, singularity is present; if any of the communalities is very large (near 1.0),
multicollinearity is present. Any variable displaying multicollinearity or singularity
should be deleted (Tabachnick & Fidell, 1996).
The highest communalities for the 21 variables in this study's FA were .71
and .70. Further evidence of a good FA solution is provided in Table 9's display
of eigenvalues, percentages of variance, and accumulated percentages of
variance for each of the 8 derived factors. These 8 factors are uncorrelated as a
result of selecting orthogonal rotation (principal-axis factoring).
The aforementioned scree plot is an appropriate check of the number of
factors extracted. Eigenvalues as ordinates are plotted against factors along the
abscissa, and the curve is a negatively-accelerated, decreasing function --the
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Table 9
Initial Statistics for Principal-Axis Factoring
Factor

Eigenvalue

% of Variance

Cumulative Variance%

1

3.22

15.4

15.4

2

2.80

13.3

28.7

3

- .

8.1

36.8

4

1.70
1.56

7.4

44.2

5

1.37

6.5

50.7

6

1.28

6.1

56.8

7

1.13

5.4

62.2

8

1.03

4.9

67.1

eigenvalues are highest for the first factors and decrease until reaching small
values for the last several factors. The plot's change in slope can be utilized to
estimate the number of factors to be extracted; this substantiating determination
of the number of factors is usually accurate to within one or two factors.
Having determined the number of factors to be extracted (8) from the
original set of 21 variables, the factors were rotated (or redefined) to redistribute
the variance among the newly derived factors. (Extraction of the factors would
not result in an interpretable solution without rotation.) The varimax rotational
technique maximized the variance of the factor loadings, in essence redefining
the factors in order to make sharper distinctions in the meanings of the factors.

Descriptive Naming of the Factors
Utilizing the absolute values of the factor loadings from the factor loading
matrix in Appendix C, Table 10 was developed to aid in attaching a descriptive
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name to each of the 8 factors -- names that represent a common element or
abstraction of the individual variables which load highly on the factors. A factor
loading of .30 was established as the minimal criterion for meaningful correlation
in this table. Magnitude of the loading is important; the greater the loading, the
more the variable (question) is a pure measure of the factor. Within Table 10,
the following abbreviations were necessary: The variables were abbreviated as
"Q#" and their appropriate numbers tabulated; and the "Ld." represents the
loading values from the factor loading matrix.

Table 10
Factor Loadings
Factor 1
Ld.

Q#

3

.845

10

b~

Variables

Factor 2
Ld .

Q#

Factor 3
Ld .

Q#

4

.676

15

.793

22

.839

8

.517

16

.581

9

7

.835

5

.516

5

.336

12

.404

2

.468

11

.337

Q#

Factor 5
Ld.

Q#

Factor 6
Ld .

Q#

.884

13

.745

19

.656

14

.630

21

.509

.369

18

.363

20

.479

17

.317

6

.360

4

.307

8

.309

12

.319

Factor 4
Ld.

Q#

Factor 7
Ld .

Factor 8
Ld.

Q#

Four of the variables appear twice in the above tabulation: #s 4, 5, 8, and
12; all of the variables appear at least once. Through utilization of Table 10 and
the original 21 questions from the instrument, and a group process that involved
art as well as science, the researcher and three subject matter experts were able
to arrive at an interpretative consensus of the underlying dynamics of the factors .
Accordingly, the following descriptive terminologies have been applied to the 8
numbered factors.
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Factor 1: Current Existence Within Curricula
A degree of presence of human fatigue as content within today's aviation
curricula was determined to be the first factor. This factor loaded very heavily on
questions 3, 10, and 7. Respectively, 62% of the respondents chose to agree
that fatigue is currently being taught within their specific curricula; 66% chose to
agree that fatigue is being taught as a portion of an aviation human factors unit/
course; and 65% chose to agree that flight crewmembers are being taught the
issues associated with human fatigue .

Factor 2: Overall Importance
That human fatigue is of an overall importance within the U.S. aviation
system and should be taught throughout the curricula was determined to be the
second factor. This factor loaded heavily on question 4, where 98% of the total
respondents either moderately or strongly agreed that all aviation students
should be educated/trained concerning the causes and consequences of human
fatigue. The respondents also either moderately or strong ly agreed as follows:
95% that fatigue should be taught as a portion of an aviation human factors
unit/course; 86% that fatigue is a factor contributing to human error on air carrier
flight decks; and 98% that fatigue is an important operational consideration
within aviation safety. With regard to fatigue being important enough to justify its
own course, a normal distribution existed among the respondents, with 69%
either mildly agreeing or mildly disagreeing.
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Factor 3: Flightdeck Operational Consideration
That human fatigue is an operational consideration on the flightdeck was
determined to be the third factor. The factor loaded strongly on question 15 with
88% of the respondents agreeing that long distance commuting to work relates
to human fatigue on the flightdeck. Furthermore, 91% of the subjects either
strongly or moderately disagreed that fatigue is not an important factor for human
error on the flightdeck. (This double negative resulted from question 16.)

Factor 4: Scope as a Contributory Factor
That there is a scope (range or extent) to human fatigue as a contributory
factor in human error was the fourth derived factor. The respondents to question
22 , on which this factor loaded heavily, displayed a uniform (equal) distribution.
There appeared to be little agreement among the subjects as to what this scope
of fatigue was, but 62% of the subjects were in disagreement with question 9
that stated fatigue was independent of some other human factors (somewhat in
line with the previously mentioned difficulties of defining fatigue, or testing for it).

Factor 5: Curricular Placement
Curricular placement, or the when and where of teaching fatigue, was
determined to be the fifth factor derived from the FA. This factor loaded heavily
on question 13, where 94% of the subjects (82% more than mildly) disagreed
with the statement that fatigue content was appropriate for graduate school only.
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Factor 6: Training Impact and Regulation Thereof
That there is a training impact for human fatigue with regulatory response
was determined to be the sixth derived factor. In terms of regulation, 67% of the
subjects disagreed with question 20 that stated the FAA should be involved. The
question on which factor 6 loaded most heavily was number 19, that stated any
fatigue education/training would have minimal impact on overall system safety;
with which 91% of the respondents disagreed.

Factor 7: Responsibility Sharing
That the parties involved share a responsibility in the management and
prevention of air carrier human fatigue was determined to be the seventh derived
factor. This factor loaded heavily on question 14's statement that fatigue training
was the responsibility of the airlines and the professional training organizations,
with which 89% of the subjects moderately or strongly agreed; responding to
question 17, 75% disagreed that commuting by the flight crewmembers was the
principal cause of fatigue on the flightdeck.

Factor 8: AccidenUincident Causality
That human fatigue can result in accidents and incidents was determined
to be the eighth factor derived from the FA. Questions 21 and 6 loaded on this
factor, both of which concerned flight crew fatigue. For question 21, the subjects
were 86% in agreement that crew fatigue has traditionally been investigated as
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one link in an accident's chain. For question 6, the respondents were 81% in
agreement that the flight crewmembers are the most important recipients during
the education/training of fatigue causes and consequences.

Factors, Covariates, and Group Differences
Some of the more typical covariates in the behavioral sciences (e.g., age
and experience) were present as demographic variables in the data set. Since
these factors could affect the 8 derived factors, a correlation matrix was created
for the 8 factors derived from the FA and the 5 demographic variables analyzed
in Table 8. This matrix of the combined demographic variables and factors is
within Appendix C; it is a 13 x 13 matrix with 78 correlation values. Again , for the
improvement of its appearance, the portion of the correlation matrix above the
diagonal has been discarded.
Visual inspection of the "8 factors by 8 factors" matrix yielded little or no
correlation among the factors, which was by design of the orthogonal rotation.
However, two correlational values, those of both total flight time and years of
aviation experience with factor 8, were greater than the previously defined .30.
Accordingly, the analysis of covariance was performed to test the possible
covariate effects of these two variables on factor 8. No grouping effects were
found when controlling for the covariates, years of experience and total flight
time, which were entered into the ANOVA simultaneously with the unique sums
of squares.
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One-way (simple) ANOVAs were utilized with the more conservative
Scheffe post hoc test at an alpha level of 0.05 to investigate group differences in
the factors derived from the FA. A few differences were found, the first of which
was with respect to the presence of human fatigue as content within today's
aviation curricula (factor 1).
The aforementioned Scheffe post hoc test showed a significant difference
between the aviation higher education group and the general aviation flight
instructors group on factor 1 scores. Since scores on the factors resulted from a
weighted combination of scores on each of the input variables, an examination of
those items loading heavily on factor 1 (questions 3, 10, and 7) revealed that the
higher education group felt that there was a significantly greater presence of
human fatigue as content within today's aviation curricula than did the flight
instructors group. The two groups' respective means and (standard deviations)
for factor 1 were .54 (.91) and -.32 (.80).
Another significant difference between groups was found for factor 4, that
there is a scope to human fatigue as a contributory factor in human error. The
significant difference existed between the air carrier training group with a mean
of -.62 (.92) and the flight instructors group with a mean of .22 (.88). Questions
22 and 9 loaded heavily on this factor, and examination of the scores for the two
groups on these variables confirmed that the general aviation flight instructors
agreed more with the existence of this scope as a contributory factor than did the
air carrier training group.
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With respect to factor 8, the accidenUincident causality of human fatigue,
the COMAIR flight instructor group differed significantly from both the air carrier
training group and the aviation higher education group. The COMAIR group's
mean score for factor 8 was .26 (.63); the mean score for the air carrier training
group was -.34 (.99); and the mean score for the higher education group was
-.24 (.72). Examination of the scores on questions 21, 6, and 12 confirmed that
the general aviation flight instructor group agreed more than both of the other
groups on the factor of human fatigue as being accidenUincident causal.

Factor Analysis Summary
A factor analysis, similar to the very early stages of many statistical
investigations, can be characterized as a fishing expedition. There was little
prior quantitative information for this study and only vague hypotheses existed as
to the relevant variables and their interrelationships. An instrument of design by
the researcher had its psychometric properties improved by an outside panel of
experts, yet the a priori ideas of the researcher were so obvious in the final FA
solution and naming of the factors that one may suspect they could have been
identified without the aid of a complicated computer analysis. The resultant
factors could merely reflect the researcher's prejudices as to which variables
were relevant. FA is a complicated sequence of procedures with many decisions
to be made along the way, which leads statistical authorities to disagree among
themselves as to the optimal procedures to employ for any particular problem.
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These typical criticisms leveled against factor analysis may be best summed in
the following 1939 quote from Cureton:
Factor theory may be defined as a mathematical rationalization. A
factor-analyst is an individual with a peculiar obsession regarding the
nature of mental ability or personality. By the application of higher
mathematics to wi_sh!ul thinking, he always proves that his original fixed
idea or compulsion was right or necessary. In the process he usually
proves that all other factor-analysts are dangerously insane, and that the
only salvation for them is to undergo his own brand of analysis in order
that the true essence of their several maladies may be discovered. Since
they never submit to this indignity, he classes them all as hopeless cases,
and searches about for some branch of mathematics which none of them
is likely to have studied in order to prove that their incurability is not only
necessary but also sufficient. (p. 287)
It appears to be somewhat implicit within several FA texts that the theoretical
differences of opinion do not necessarily generate practical concern. Bottomline
interpretation of FAs performed by alternative procedures is not likely to differ to
any great extent (Guilford, 1954; Kachigan, 1991; Lomax, 1992; Tabachnick &
Fidell, 1996).
Three experts were utilized during the validation of the instrument, and
three different individuals were utilized as subject matter experts in the naming of
the factors. Perhaps more importantly, one of these individuals was a specialist
in the FA technique, guiding the analysis of data. The quantitative data will be
further discussed in Chapter V of this text, Conclusions and Recommendations,
in conjunction with the presentation of a limited amount of qualitative data.
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CHAPTERV
CONCLUSIONS AND RECOMMENDATIONS

The original research questions, restated, are: (a) Within the U.S. field of
aviation, are issues of human fatigue professionally perceived as a problem on
the flightdecks of commercial air carriers? and (b) Are issues associated with
human fatigue being taught within the U.S. aviation education/training curricula?
Review of the literature and the analysis of the quantitative data from the surveys
has allowed the formulation of some answers to these research questions.
Throughout the literature and the survey returns of the three groups of
aviation higher educators, air carrier training personnel, and the COMAIR flight
instructors, the answer was clear that fatigue is a human factor of concern on the
flightdeck. Similarly, the literature and the survey data indicated that fatigue is
present as content within U.S. aviation curricula. However, a close examination
of the data, supported by a critical review of the literature, led to the conclusion
that the answers to both questions are a matter of degree-- an existing state that
deserves further support and explanation.
The following 8 factors derived from the factor analysis (FA) of Chapter IV
(with some shortened for tabulation) have been utilized in the "Underlying
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Meaning" column of Table 11, which presents some of the qualitative data
obtained from the "Comments" (see Appendix B) of the completed surveys:
1. Current Existence Within Curricula (Curricula currency).
2. Overall Importance (Importance).
3. Flightdeck Operational Consideration (Operational Consider'n.).
4. Scope as a Contributory Factor (Scope).
5. Curricular Placement.
6. Training Impact and Regulation Thereof.
7. Responsibility Sharing.
8. Accident/Incident Causality (Causality).
Table 11 has utilized the shortened forms (when necessary) of the 8
factors and the following few abbreviations: (a) aviation higher education (Av Hi
Ed); semester (Sem); aviation human factors (AHF); and general aviation flight
instructor (General Av Fit Instructor). More qualitative data was available from
the surveys; additionally, the active position of the researcher within the industry
uncovered numerous instances of anecdotal data during the course of the study
(e.g., FAR 121 [air carrier] maintenance personnel on duty for 27 hours in a
32-hour period; an FAR 121 cargo pilot on duty for 23 hours with 11 hours and
48 minutes of actual flight time and 8 landings; etc.). Obviously, a qualitative
study could be more sensational, but the researcher believes that future studies
of an empirical nature will have a greater probability of creating change in the
aviation curricula concerning human fatigue.

92

Table 11
Remarks of Subjects from Page 4 of the Completed Surveys
Group
Depicted

Subject's Qualitative Remarks
From the Instrument's Fourth Page

The Factor(s), or
Underlying Meaning

Av Hi Ed
(following first
Sem of a new
AHF course)

"Several commented that the material was either
Curricula currency;
completely new to them, or allowed them to look at the Importance;
'fatigue factor' in_a new light." (reference the students Operational Consider'n .
and a new fexf's chapter on fatigue)

Av Hi Ed
(from teacher
of 27 years)

"Fatigue should be taught on a continuum from what is Curricular Placement;
critical for the 'student' pilot early on in the curricula to Operational Consider'n. ;
Importance
the impact/nature of fatigue in the 'real world'."

Av Hi Ed
"I .. . believe fatigue to be the single most serious
(8 years of
challenge we face today!"
AH F research)

Importance;
Scope

Av Hi Ed

"Fatigue can be a problem, but I do not think it is a
contributory factor in the majority (>50%) of air carrier
accidents. Commuter airlines may be significantly
different. Fatigue countermeasures can be taught."

Causality;
Curricular Placement

Air Carrier
Training

"In an airline operation, one cannot forget that fatigue
happens not only with flight crew, but also with flight
attendants, mechanics, & dispatchers who are an
integral part of the operation."

Curricular Placement;
Importance

Air Carrier
Training

"Industry wide, I believe that there is not enough
Scope;
emphasis on the importance of sleep deprivation and Causality
fatigue . Until ... accident at Guantanamo Bay, I don't
think that fatigue was considered during accident
investigations."

Air Carrier
Training

"A majority of industry tends to relate fatigue with sleep Scope
deprivation. Therefore, maybe fatigue is the incorrect
label to apply to those issues affecting human
performance integrity."

Air Carrier
Training

"I've received considerable requests for information
and training from our maintenance, flight attendants,
and dispatch departments. Will you be addressing
fatigue training in those areas as well?"

Curricular Placement;
Importance

General Av
Fit Instructor

"I introduce my students to fatigue in aeromedical
factors & also introduce them to aeronautical decision
making & tie it back into fatigue."

Curricula currency;
Curricular Placement

General Av
Fit Instructor

"I believe if there are some general 'rules of thumb'
Curricula currency;
methods for reducing fatigue it would be very helpful
Operational Consider'n .;
for pilots in counteracting or dealing with the problem ." Curricular Placement

Amplifying the derivation of the 8 factors, the FA described in Chapter IV
did not create new information, or new data. It organized, summarized, and
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quantified information from the original data set. The original Likert scale items
were treated as ordinal data, and the original variables (excepting demographic
items and the multiple choice, definition of fatigue item) have been treated as
non-interval data. Nevertheless, at times it has been helpful to consider the
scale items in comparison to a normal distribution; this consideration has been
rationalized with the fact that some argument exists within the social sciences
that ordinal data with certain scaling properties is amenable to a wide variety of
data analytic methods.
For example, Nunnally (1978) "strongly believes that it is permissible to
treat most of the measurement methods in psychology and other behavioral
sciences as leading to interval scales," and argues that "no harm is done in most
studies in the behavioral sciences by employing methods of mathematical and
statistical analysis which take intervals seriously" (p. 17). In support of this
viewpoint, DeVellis (1991) states that although, strictly speaking, items using
Likert scales may be ordinal, "a wealth of accumulated experience supports
applying interval-based analytic methods to the scales they yield. For now, a
perspective similar to that of Nunnally seems to influence the majority of
behavioral researchers" (p. 112).
The FA procedure utilized a complicated geometric and matrix-algebraic
manipulation of the data (within the SPSS computer program) to arrive at the 8
factors that became interval data variables. These variables then represented
the dimensions underlying the 21 original scale variables, and were entered as
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variables into the data set. The original variables (questions) then became
somewhat redundant (i.e., they would not improve the ability to predict a criterion
variable).
In terms of utilizing this study's 8 factors, it should be recognized that the
21 scale variables originated within an instrument where psychometric properties
(content validity and internal consistency reliability) had been acknowledged by a
panel of three experts. Similarly, the descriptive terminology applied to the 8
factors derived from the FA was a result of the combined skills and creativity of
three additional subject matter experts and the researcher. Therefore, the 8
"constructs" have not simply resulted from the efforts of one researcher, but from
the synergistic input of the one researcher and six experts.
Variance, although it has limited usefulness as a descriptive statistic, is a
very useful method for summarizing the variability of a distribution and has a very
important place in inferential statistics. The AN OVA, one of the most powerful
statistics that can be used to evaluate quantitative data, is based on an analysis
of the variability of the scores about the means of various groups (Glass &
Hopkins, 1996; Meyers & Grossen, 1978). Consequently, the factors themselves
(derived from the FA variances) did a better job of answering the two research
questions of this study than did the subjects' responses to the original 21 scale
items (which could have been reported in terms of percentages).
Additionally, the first 4 factors of the FA solution contributed almost 45%
(44.2% from Table 9, page 82) of the total variance; the average variance for
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each of the 4 factors was slightly greater than 11%. For comparison purposes,
these first 4 factors, with some parenthesized amplification, are:
1. Current Existence (of fatigue content) Within Curricula.
2. Overall Importance (of human fatigue within aviation).
3. Flightdeck (air carrier) Operational Consideration.
4. Scope (range/extent) as a Contributory (aviation human) Factor.
The robust quality of all 8 factors suggests that these factors be utilized in the
collection and analysis of data during future research concerning human fatigue
as content within the aviation curricula.
The introduction of some qualitative data and the additional support for
the 8 well-developed factors have further explained the answers to the research
questions: Fatigue is a human factor of concern on the flightdeck, and fatigue is
present as content within U.S. aviation curricula. A matter of degree associated
with each of these answers has necessitated further explanation.
The professional groups selected for this study have not consisted of any
representation from aviation corporate leaders or government regulators. The
importance of these groups was highlighted in an April 1997 NTSB-sponsored
symposium on the role of corporate culture in transportation safety addressed
the "tendency of many corporate and government leaders to ignore potential
problems" (McKenna, 1997, p. 66). The 500-plus attendees concurred that "a
full commitment from the highest executives in an organization that safety is a
top priority" was "the prime element in establishing a safe corporate culture" (p.
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67). One member of the NTSB, George Black, stated "'Corporate culture is the
most critical thing left. Future gains in aviation safety will be made through
human factors"' (p. 66).
The derivation of corporate culture within an air carrier organization was
addressed by Asaf Degani and Earl Wiener (1994) in a description of their
"Four-P" model -- philosophies, policies, procedures, and practices, detailing the
corporate culture impact on AHF and the safety of flight operations. The new
(April 1997) chief scientific and technical adviser for the FAA human factors
program is Maureen Pettitt, formerly of Western Michigan University where she
was one of the respondent's to the 1996 field study and a recipient of this study's
instrument. In a personal communication (February 22, 1996), she opined that
with respect to fatigue as content within aviation curricula, "it's time has come."
Again, the caveat with the FAA is the mandate that the organization both
promote and regulate aviation; as a consequence, numerous aspects of FAA
regulation, enforcement, and research are subject to a cost/benefit analysis.
Accordingly, the budget for FAA human factors has been subject to funding cuts,
for which the FAA has been criticized by Congress and its agencies.
The following were among the conclusions of a 1994 report from the
Congressional OTA (reinforced in a 1996 report from the General Administrative
Office of Congress):
1. Previous OTA studies have pointed to deficiencies in the FAA's
research agenda, especially the lack of attention to human factors.
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2. Further research and development on human performance issues in
the aircraft, the control tower, and on the ground will be required.
3. Human performance is the leading example of a field where basic and
applied research is the key to better safety.
4. Human error is implicated in two-thirds of aviation accidents; there are
currently no clear technological or operational options, regardless of cost, that
would go very far to address this problem, since we do not yet know enough
about human cognitive processes.
5. Long-term research integral to FAA's mission, such as human factors,
is also important to many other federal agencies.
In 1995, Welch and Malone described the FAA as exhibiting budget cuts
generally "inconsistent with past congressional direction" (p. 1). Furthermore,
the June 1996 report from the U.S. General Accounting Office concluded, with
respect to the FAA's Human Factors Division, that: "Without agencywide
coordination of the research on human factors, the potential for duplication exists
and the opportunity to leverage the agency's research dollars by combining
related projects is diminished" (p. 12).
Although the FAA's human factors budget and agenda has not been fully
organized, the FAA (a) has continued to provide funding for the NASA Ames
Fatigue Countermeasures Program, (b) has promoted the welfare of the aviation
industry, and (c) has enforced the top-down regulation of the aviation industry.
This study questioned whether the FAA should be involved in regulation of the

98

teaching of fatigue content. The aspect thereof is one of the factors, and 67% of
the subjects disagreed with the statement that there should be FAA regulation of
fatigue education/training.
Within this text, more than one reference has been made to individuals
(subjects and experts alike) who believed that the FAA regulation of flight and
duty times for air carrier crewmembers was a critical solution to problems with
human fatigue. A 1996 NASA Ames report (Dinges, Graeber, Rosekind, Samel,
& Wegmann) has presented recommendations to the FAA consisting of what has
been scientifically-determined as safer principles and guidelines for flight crew
scheduling and rest. Similarly, ALPA (1996) has authored a report expressing its
comments with respect to new FAA rulemaking concerning flight crewmembers
duty periods and flight time limitations. The contentious issue of these Part 121
FARs was not addressed by the instrument for this study. However, the TAR
concept, defined in Chapter I and utilized in this text's Chapter II, is generally in
line with the rest concepts advocated by both the NASA and ALPA reports. In
addition, much of the scientific literature with respect to circadian rhythms and
human performance in this text is similar to that found in the two reports.
As mentioned in the February 1997 communication from Bill Edmunds,
the FAA had taken no action on the proposed rulemaking for the FAR 121 flight
and duty limitations, and the rest requirements. A May 1997 newspaper article
updated the status of the rulemaking as having received no FAA action (Dietz,
1997). It appears that the FAA and corporate air carrier entities, in perhaps a
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misguided bottomline approach, have not accepted human fatigue as a problem
on U.S. air carrier flightdecks.
This bottomline approach contrasts dramatically with that of Carroll Wilson
Suggs, chairman of Petroleum Helicopters, Inc. Her company's 31 a-aircraft fleet
has experienced a zero-accident rate for the past 4 years as the result of a
$630,000 per year safety program, prompting her to state, "'I wish I could find
more investment opportunities like this"' (McKenna, 1997, p. 66). Also, the 1990
prediction of the Boeing Commercial Aircraft Group's Earl Weener that there
would be a major airline accident somewhere in the world every 2 weeks has
been appended; industry officials currently forecast "one major airline accident
each week somewhere in the world by 2015 unless the accident rate is lowered"
(p. 66).
In 1988, John Lauber and Phyllis Kayten stated a minimum of $500,000
as the dollar cost per airline accident. In comparison to the results of a major
helicopter company's $630,000 per year safety program, it appears that there
may be some presence of financial roulette in the air carriers' and the FAA's
treatment of AHF (including fatigue) which are attributed as being "about 80%"
causal in "fatal aviation crashes" (United States General Accounting Office,
1996,p.1).
In addition to the degree of perception of human fatigue as a problem on
U.S. air carrier flightdecks, the post hoc comparison for the "Current Existence
(of fatigue content) Within Curricula" revealed that the younger, less-experienced
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(and, probably more recent students of aviation curricula) flight instructor group
did not feel there was as much curriculum fatigue content as did the aviation
higher education group. Additionally, several air carrier training individuals
commented that the flight attendants, the maintenance personnel, dispatchers,
etc. should also be recipients of fatigue training. From the survey comments, it
was concluded that this is not the case; the degree to which fatigue is being
taught across aviation curricula today has appeared to be somewhat minimal.
James Reason, the keynote speaker at the Ninth (1997) International
Symposium on Aviation Psychology, noted that maintenance is probably the
most overlooked opportunity for human error within aviation. Numerous
opportunities for mistakes present themselves in the re-assembling/re-installing
of parts and units during maintenance procedures. Coupling Reason's thesis
with the questions of (a) do we want fatigued individuals closing aircraft cargo
doors (ramp service personnel), or (b) do we want fatigued flight attendants
stationed at aircraft emergency exits, begs the question of whether the flight
crew personnel are the most important recipients of fatigue content.
In Chapter IV's discussion of the "Overall Importance" factor it was noted
that 98% of the total respondents either moderately or strongly agreed that all
aviation students should be educated/trained concerning the causes and the
consequences of human fatigue. Future curricular efforts concerning fatigue
and/or AHF should strive for this overall education/training of students, either
currently within aviation or in preparation for an aviation career. If this overall
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importance were taught across the curricula, a catch-all would be created that
could result in more enlightened corporate cultures and government regulators,
as well as a less-fatigued, and thereby safer, workforce.
This text has established, through the review of the literature and the
derivation of the 8 factors, what fatigue knowledge is most worthwhile. It is
recommended that future research concentrate on how this knowledge is to be
acquired, utilizing the 8 derived factors to complete a curriculum paradigm. The
why it is worthwhile question has principally been answered with transportation

safety. It should be noted that retired FAA Administrator David Hinson stated
that" ... there is a direct correlation between education and safety," while
claiming to know a colleague and researcher at the Massachusetts Institute of
Technology who reported that one would " ... have to fly one flight a day for
27,000 years to be assured of being a fatal aviation statistic in the United States"
(Hinson, 1996, p. 10). Future worthwhile curricular treatment of human fatigue
should not ignore individual health and social issues, which would probably
expand beyond the cognitive fatigue to the fatigue of muscles and other organs.
The application of fatigue education/training and management of human fatigue
issues to other modes of transportation and other industrial fields, as previously
mentioned, is also recommended as being of importance.
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APPENDIX A
FIELD SURVEY COVER LETTER AND QUESTIONNAIRE
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I am a doctoral student and an air carrier line captain who has been interested in
the fatigue phenomenon. I realize that we are all busy, and the prospect of
another survey on your desk is not one of your favorites. However, the time has
arrived for me to do an initial field survey concerning fatigue.
You are one of several individuals involved with aviation higher education,
research, regulation, training, and/or operations being asked for your expert
opinion concerning the issues of fatigue and curriculum. Your completion of the
attached survey would, of course, be voluntary-- and treated with confidentiality
by myself.
I openly solicit your comments on the blank fourth page. Is it possible for you to
return the completed survey via the enclosed envelope prior to April 15? Thank
you very much for your cooperation.
Sincerely yours,

Thomas R. Weitzel
1906 Sprucewood Way
Daytona Beach, FL 32124-6650
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Introduction
1. Although a precise definition of fatigue poses a problem, please indicate a personal preference
by circling a. (from a medical dictionary), b. {that from a text by an aviation psychologist), or c. (a
self- composed derivative of a. and/or b., or one of personal belief).
a.

That state, following a period of mental or bodily activity, characterized by a
feeling of weariness, sleepiness, or irritability; may also supervene when , from
any cause, energy expenditure outstrips restorative processes and may be
confined to a··smgle organ .

b.

Mental fatigue is typically associated with tasks demanding intense
concentration, rapid or complex information processing , and other high level
cogn itive skills . . . . may arise from prolonged (if less intense) activity . . .
another state . .. is that of boredom .

c.
With a tentative framework for fatigue as a concept for aviation education, please complete the
following Likert scale by circling one of the six choices : 1=Strongly Disagree, 2=Moderately
Disagree, 3= Mildly Disagree, 4=Mildly Agree, 5=Moderately Agree, 6=Strongly Agree.
Strongly Moderately
Disagree
Disagree

Mildly
Disagree

Mildly
Agree

Moderately
Agree

Strongly
Agree

2. Human fatigue, as a concept, is a contributing
factor within aviation safety.

1

2

3

4

5

6

3. During aviation accident investigation, crew
fatigue has traditionally been viewed as "one link
in the accident's chain ."

1

2

3

4

5

6

4. Aviation accident investigation has trad itionally
assumed crew fatigue to be a contributor and then
set-out to eliminate its role.

1

2

3

4

5

6

5. Fatigue is a concept that should be taught
within aviation education/training .

1

2

3

4

5

6

6. Fatigue is currently being taught (to some
degree) within aviation education/training curricula .

1

2

3

4

5

6

7. Within aviation education/training curricula,
pilots are the most important recipients of the
fatigue concept.

1

2

3

4

5

6

8. Other aviation students (e.g., those of
operations management/administration, safety/
accident investigation, regulation , maintenance,
etc.) should be educated/trained concerning
human fatigue.

1

2

3

4

5

6

9. Fatigue should be taught as a portion of an
aviation human factors unit/course.

1

2

3

4

5

6
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Strongly
Disagree

Moderately
Disagree

Mildly
Disagree

Mildly
Agree

Moderately
Agree

Strongly
Agree

1

2

3

4

5

6

11 . Fatigue is independent of boredom ,
complacency, situational awareness , and the
operator's role with modern technology.

1

2

3

4

5

6

12. Fatigue education/training for those
associated with air transportation should be
regulated by the Federal Aviation Administration .

1

2

3

4

5

6

13. Fatigue education should be placed within
the upper level of undergraduate aviation higher
education .

1

2

3

4

5

6

14. Fatigue education, with its associated
concepts , is material for graduate school only.

1

2

3

4

5

6

2

3

4

5

6

2

3

4

5

6

10. Other fields (chronobiology, sleep medicine,
neural science, etc.) associated with fatigue,
when added to the material, create a stand-alone
uniUcourse.

15. Fatigue training, as it pertains to the air
carrier operation , should be taught by the airlines
and the professional training organizations.
16. Any fatigue education/training in the curricula
will have minimal impact on overall system safety.

1

Please Place a Checkmark (One per Item) Next to Your Appropriate Categories

17. Best description of affiliation with aviation education/training.

_Higher Education

Research

_Regulation

_Training

_Operations

18. Best range of years-affiliated-with the field of aviation .

0-5

_5-10

_10-15

15-20

20-25

25 Plus

19. Highest educational degree.

Associate

_High School

Bachelor's

Master's

Doctorate

20. Gender.

Female

Male
21. Age group .

Under 25

25-35

_35-45
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45-55

55-65

Over 65

Space for Comments,
References to Specific Items Would be Helpful

Thank you for your expertise.
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Dear Colleague:
I am a doctoral student and an air carrier line captain who is interested in the
human fatigue phenomenon. I realize that we are all busy, and the prospect of
another survey on your desk is not one of your favorites. However, the time has
arrived for me to collect some data for a dissertation.
You are one of several individuals involved with a) aviation higher education, b)
air carrier training, or c) line flying being asked for your opinions concerning the
issues of fatigue and education/training. Your completion of the attached survey
would, of course, be voluntary-- and treated with confidentiality by myself.
I openly solicit your comments on the blank fourth page, and would appreciate
your input prior to December 31, 1996. If it is not possible for you to return a
completed survey in the enclosed envelope, please return the uncompleted
survey. Thank you very much for your cooperation.
Sincerely yours,

Thomas R. Weitzel
1906 Sprucewood Way
Daytona Beach, FL 32124-6650
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Introduction
1. Although a precise definition of fatigue poses a problem, please indicate a personal
preference by circling a. (from a medical dictionary), b. (that from a text by an aviation
psychologist), c. (from the human engineering of the SST), or d. (from an expert in sleep
medicine).
a.

That state, following a period of mental or bodily activity, characterized by a
feeling of weariness, sleepiness , or irritability; may also supervene when , from
any cause, ·energy expenditure outstrips restorative processes and may be
confined to a single organ .

b.

Mental fatigue is typically associated with tasks demanding intense
concentration, rapid or complex information processing, and other high level
cognitive skills . . .. may arise from prolonged (if less intense) activity . . .
another state . .. is that of boredom.

c.

. .. tension, narrowing of attention, decreased judgment, delayed decisions,
deterioration of short term memory capabilities, and increased reaction in
decision time .

d.

A condition characterized by increasing difficulty sustaining a high level of
performance output, caused by an interaction of a number of neurobiological
(sleep need, circadian rhythm) and neurobehavioral (sustained vigilance,
workload) factors, which may be reflected in a variety of subjective states (e.g. ,
fatigue, sleepiness, lethargy).

With a framework for fatigue as material for aviation education/training, please complete the
following Likert scale by circling one of the six choices : 1=Strongly Disagree, 2=Moderately
Disagree, 3= Mildly Disagree, 4=Mildly Agree, 5=Moderately Agree, 6=Strongly Agree.
Moderately Strongly
Agree
Agree

Strongly
Disagree

Moderately
Disagree

Mildly
Disagree

Mildly
Agree

2. Human fatigue is an important operational
consideration within aviation safety.

1

2

3

4

5

6

3. Information about fatigue is currently being taught
(to some degree) within your specific aviation
education/training curricula .

1

2

3

4

5

6

1

2

3

4

5

6

5. Human fatigue is a factor contributing to human
error on air carrier flight decks.

1

2

3

4

5

6

6. Within aviation education/training curricula, flight
crewmembers are the most important recipients of
the fatigue causes and consequences.

1

2

3

4

5

6

4. All aviation students (e.g., those of flight,
operations management/administration, safety/
accident investigation, regulation, maintenance, etc.)
should be educated/trained concerning the causes
and consequences of human fatigue.
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Strongly
Disagree

Modera tely
~

Mildly
~

Mildly
Agree

Moderately
Agree

Strongly
Agree

7. Within aviation education/training curricula, flight
crewmembers are being taught the issues
associated with human fatigue .

1

2

3

4

5

6

8. Fatigue should be taught as a portion of an
aviation human factors unit/course.

1

2

3

4

5

6

9. Fatigue is independent of Obredom,
complacency, situational awareness, and the
operator's role with modern technology .

1

2

3

4

5

6

1

2

3

4

5

6

11 . Other fields (chronobiology, sleep medicine,
neural science, etc.) associated with fatigue,
when added to the material, create a stand-alone
unit/course.

1

2

3

4

5

6

12. Information about human fatigue is being taught
across the college, university, and industry aviation
curricula.

1

2

3

4

5

6

13. Fatigue education , with its associated concepts,
is material appropriate for graduate school only.

1

2

3

4

5

6

2

3

4

5

6

1

2

3

4

5

6

16. Human fatigue is not an important factor in the
occurrence of human error on the flight deck.

1

2

3

4

5

6

17. "Commuting" is the principal factor contributing
to fatigue among air carrier crewmembers .

1

2

3

4

5

6

18. Countermeasures for fatigue can be effectively
taught.

1

2

3

4

5

6

19. Any fatigue education/training in the curricula
will have minimal impact on overall system safety.

1

2

3

4

5

6

20. Fatigue education/training for those associated
with air transportation should be regulated by the
Federal Aviation Administration.

1

2

3

4

5

6

10. Fatigue is being taught as a portion of an
aviation human factors unit/course.

14. Fatigue management/prevention, as it pertains
to the air carrier operation , should be taught by the
airlines and the professional training organizations .
15. Within the air carrier operation, the reality of
crewmembers commuting to work (generally
defined as travel over a distance greater than that
covered by 2 1/2 hours of surface transportation) is
directly related to crew fatigue on the flight deck.
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21 . During the analysis of air carrier accidents/
incidents, crew fatigue has traditionally been
investigated as one possible "link in the accident's
chain ."
22. The investigation of air carrier accidents/
incidents citing crew error shoyjd assume a crew
fatigue factor and then set-out to eliminate it as
contributory .

Strongly
Disagree

Moderately
Disagree

Mildly
Disagree

Mildly
Agree

Moderately
Agree

Stron gly
Agree

1

2

3

4

5

6

1

2

3

4

5

6

About You

23. Please choose the best description (one only) of your current position within aviation .
_Aviation Higher Education

_Air Carrier Training/Management

_Air Carrier Line Pilot

_G/A Instructor Pilot

24. Number of years-affiliated-with the field of aviation.

__

25. Your accumulated flight time as a pilot in each of the following categories .
Military

Air Carrier

Other (e.g., agricultural , corporate, general , hel icopter, sea , etc.)

26. (If you are not currently flying as an air carrier line pilot, please skip to Question 27.) If
you are currently flying as an air carrier line pilot, please complete the following .
a. Total years of air carrier flight experience
b. Total flight hours
c. Current type (one only, please) of air carrier flying .
_

International

Night Cargo

_Regional
Domestic

27. Number of years of education (e.g., high school= 12, associate= 14, bachelor's = 16,
master's = 18, doctorate= 21 ). _ _

28 . Your gender.

29. Your age.

Female

_Male

Years
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Space for Comments,
References to Specific Items Would be Helpful

Thank you for your expertise.
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The Observed Correlation Matrix

~
~

(j)

0_02
0_03
0_04
0_05
0_06
0_07
0_08
0_09
0_10
0_11
0_12
0_13
0_14
0_15
0_16
0_17
0_18
0_19
0_20
0_21
0 22

0_02
1.00000
.06142
.31736
.36451
.08131
-.00445
.22774
-.09292
.07812
.09994
.01195
-.00970
.00666
.26487
-.17819
.00975
.03544
-.08438
.14651
.04724
-.03388

0_13
0_14
0_15
0_1 6
0 _17
0_18
0_19
0 _20
0 _21
0 _22

0_13
1.00000
-.11110
-.28212
.26822
.12879
-.27330
.12701
-.04205
.00748
.03642

0_03

0_04

0_05

0_06

Q_07

0_08

0_09

Q_10

0_11

Q_12

1.00000
-.00615
.04612
-.17194
.66363
-.05473
-.03708
.74502
-.12376
.25842
-.09149
.08447
.06590
-.03934
.14829
-.17245
.05881
-.22722
-.07052
-.21819

1.00000
.32521
.04650
-.05563
.44432
-.09092
.01386
.28087
.08067
-.29946
.29060
.29257
-.28971
-.01490
.14502
-. 10943
.11004
-.04263
.12087

1.00000
.05742
.09737
.31356
-.08059
.19078
.16295
.02214
-.04887
.05513
.35155
-.29526
.07983
.13887
-.14118
.19718
.01514
.04211

1.00000
-.03808
.13552
-.08159
-.18292
-.08804
.04966
-.03568
.10948
.20198
-.17955
.04605
.01843
.07015
.07710
.14125
.11311

1.00000
-.02357
-.05700
.66048
-.02895
.39562
.02056
-.03284
.05397
-.03669
.03822
-.21136
.06637
-.10223
.15459
-.11855

1.00000
.07553
-.03013
.24503
.12039
-.11381
.28813
.18105
-.16639
.25042
.20507
-.21792
.32391
.05677
.29065

1.00000
-.05299
-.03502
-.07289
.07852
.12345
-.08868
.04054
.08730
-.13703
.12376
.00341
.08243
.33315

1.000001
-.04897
.25527
-.07577
.01828
.07396
-.01882
.04306
-.11122
.18370
-.25999
-.09977
-.02636

1.00000
.09752
-.14088
.03890
.10684
-.08871
-.01688
.15826
-.15485
.17155
-.05583
.17733

1.00000
-.25164
.05597
-.07878
.02539
.10355
-.04236
.02028
-.02584
.14113
.00434

0_14

0_15

0_16

0_17

0_18

0_19

0_20

0_21

0_22

1.00000
.17581
.05121
.14922
-.07792
-. 17030
.12729
.01198
.06111

1.00000
-.48940
.14547
.08897
.04554
.08837
-.02271
.22437

1.00000
.00125
-.20165
.05726
-.05670
-.01300
-.19083

1.00000
-.16746
-.05252
.15619
-.10909
.16138

1.00000
-.21194
.14936
-.08507
.12470

1.00000
-.30809
-. 18387
.07318

1.00000
.10451
.16693

1.00000
-.12995

1.00000

The Factor Loading Matrix

........

........
-...J

0_02
0_03
0_04
0_05
0_06
0_07
0_08
0_09
0_10
0_11
0_12
0_13
0_14
0_15
0_16
0_17
0_18
0_19
0_20
0_21
0_22

Factor 1

Factor 2

Factor 3

Factor 4

Factor 5

Factor 6

Factor 7

Factor 8

.03522
.84461
-.04270
.13077
-.15116
.83466
-.00119
-.03860
.83855
-.03512
.40450
-.07365
.00618
.03558
-.02241
.12203
-.16581
.06325
-.16841
.02331
-.09023

.46823
-.07547
.67593
.51608
.03006
-.00579
.51691
-.09515
.09635
.33713
.09204
-.04083
.12054
.18992
-.19434
.01435
.15761
-.09467
.19928
-.02174
.12050

.22929
.06193
.14514
.33598
.27365
.01586
.07554
-.08029
.04332
-.02690
-.14699
-.22408
.01596
.79259
-.58091
.09006
.12376
.04791
.06576
-.02551
.19604

-. 14890
-.16653
-.02792
-.06038
.06265
-.02321
.27354
.36870
-.00961
.12967
.07719
.10325
.06107
.04226
-.04585
.22011
.01913
.15234
.13270
-.08738
.88354

.12114
.01190
-.30707
.10075
.00347
.05980
-.08442
.09449
.00181
-.20184
-.27087
.74473
-.08181
-.08178
.19081
.22271
-.36276
.10976
.03900
.02937
-.05160

.05489
-.06179
-.04042
.19323
-.07002
-.03401
.30931
-.05832
-.17929
.17380
-.01677
-.05850
.08399
-.02720
-.04661
.14773
.28486
-.65631
.47929
.14002
.02632

-.00559
.19001
.25870
-.04438
.08266
-.06592
.28161
.14220
-.02724
-.04644
.05000
-.09495
.63025
.16406
.10409
.31714
-.24167
-.09822
.08586
-.01443
-.02535

.04360
-.17738
-.03431
-.01136
.35995
.25559
.10423
.00500
-.21391
-.05594
.31932
-.01837
.03449
-.00810
-.03544
-.02232
-.15210
-.04679
.14199
.50846
-.08050

The Factor Score Coefficients Matrix

__...

__...

co

0 _02
0_03
0 _04
0 _05
0_06
0_07
0_08
0_09
0 _10
0_11
0_12
0_13
0_14
0_15
0_16
0_17
0_18
0_19
0_20
0_21
0 _22

-

Factor 1

Factor 2

Factor 3

Factor 4

Factor 5

-.00414
.36756
-.05195
.03271
-.01833
.35239
.02031
-.00368
.31582
.02051
.07375
-.03317
-.02590
-.03815
.00697
.02917
-.00790
-.02979
.00912
.01863
.05031

.18530
-.22779
.50087
.19638
-.01071
-.01212
.21253
-.00715
.23096
.10282
.06195
.16094
-.05325
-.05083
.00549
-.02738
.02297
.02667
.04236
-.02686
-.06488

.02500
.11552
-.10480
.09608
.11111
-.04615
-.05794
-.01697
-.04454
-.08038
-.08100
-.03704
-.06268
.64250
-.22699
-.00252
.02023
.00842
.01356
-.00370
.06083

-.04024
-.01704
-.11938
-.00497
-.04387
.12944
.10241
.00177
-.07983
.01391
.00711
-.03585
.05161
-.14569
.01816
.07421
-.02765
.12261
-.00706
.02282
.89940

.10150
.02506
-. 15403
.13070
.01903
-.00722
.03062
.04998
.02579
-.06316
-.11300
.63567
-.03303
.10022
.04175
.08636
-.16351
.01311
.07729
.00216
-.08854

Factor 6

Factor 7

Factor 8

~

-.00899
.13191
-.24603
.11569
-.07827
.07008
.16027
-.03658
-.17107
.05285
-.04189
-.02699
.00659
-.05851
-.00579
.06407
.14727
-.47568
.23704
.03363
.03223

'

-.08494
.36602
.15591
-.09522
.05010
-.23800
.16227
.08224
-.14766
-.05299
.02824
-.02277
.41717
.15990
.14266
.12694
-.20240
-.02971
.03212
-.00889
-.09917

.08503
-.36076
-.05960
-.00889
.18701
.58083
.07475
.00935
-.34648
-.07235
.19308
-.08285
.05700
-.04486
-.04184
.01034
-.09904
.04931
.00727
.27860
-.07935

Combined Demographic Variables and Factors Correlation Matrix

........
........
CD

AGE
EDUCAT
MILFLT
TOTLFLT
YEARSEXP
FAC1 _1
FAC2_1
FAC3_1
FAC4_1
FAC5_1
FAC6_1
FAC7_1
FAC8_1

AGE
EDUCAT
MILFLT
TOTLFLT
YEARSEXP
FAC1 _1
FAC2_1
FAC3_1
FAC4_1
FAC5_1
FAC6_1
FAC7_1
FAC8_1

AGE
1.0000
.6011
.4311
.4889
.8460
.2726
.1818
.0527
-.2077
.0519
-.1906
.0454
-.2689

EDUCAT

MILFLT

TOTLFLT

1.0000
.3006
.1626
.5846
.1925
.2715
.1461
-.1226
-.1124
-.1029
.0403
-.2096

1.0000
.5495
.4761
.0832
.1155
.1488
-.0414
-.0013
-.1487
.1577
.0184

1.0000
.5627
.1239
.0397
.2327
-.0488
.0429
-.1795
.2750
-.3233

FAC5_1

FAC6_1

FAC7_1

FAC8_1

1.0000
-.0541
-.0039
.0227

1.0000
.1051
.1047

1.0000
-.0327

1.0000

YEARSEXP

1.0000
.2541
.1953
.1622
-.2071
.0078
-.1670
.1631
-.3395

FAC1 _1

FAC2_1

FAC3_1

FAC4_1

1.0000
-.0341
.0617
-.0752
.0079
-.0180
.0218
.0014

1.0000
.1303
.0087
-.0534
.1632
.0789
-.0329

1.0000
.0016
-.0909
-.0306
.0395
-.0483

1.0000
-.0189
.0825
-.0095
-.0484
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